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(57) Abstract 

Compounds of formula (I) are disclosed which are vitronectin receptor antagonists and are useful in the treatment of osteoporosis 
wherein: Y is CR'R* or NR'C(O); R 1 is -Co-ealkyl-Het-, -Co-6alkyl-Ar, H, -Ci-ealkyi, -CN or -S(0) k R*; R 2 is (a), (b), (c), (d) or (e); 
W is -(CHR8)a-U-(CHRg)b-; U is absent or CO, CR«2, C(-CRh), S(0) k , O, NR«, CR«OR*, CR8(OR k )CR82, CRhCR8(OR k ) ( C{0)CRfy 
CRhC(O), CONR*. NR'CO, OC(O), C(0)0, C(S)0, OC(S), C(S)NR«, NRBC(S), S(OhNRe, NRKS(0)2 N«N, NR«NR», NR»CR8 2 , CR^NR*. 
CR^O, OCR8 2 , GzC , CRg=CR«, Ar or Her; G is NR C , S or O; R* is H, Ci-salkyl, Het-Co^alkyl, C3-7cycloalkyl-Co-6aIkyl or Ar-Co_$alkyl; 
R k is RS, -C(0)RS, or -C(0)OR f ; R ! is H, Ci^salkyl, Het-Co^alkyl, C^-Tcycloalkyl-QMjalkyl, Ar-Co-*alkyl, or Ci^alkyl substituted by 
one to three groups chosen from halogen, CN, NR*2, ORe, SR«, CO2R8, and CON(R8)2; R f is H, Ci-ealkyl or Ar-Ct^alkyl; R e is H, 
Ci-^alkyl, Ar--Co-6alkyl, Het-Co^alkyl, C3-7cycloalkyl-Co-6alkyl, or (CH2XCO2R8; R b and R c are independently selected from H, Ci-^alkyl, 
Ar-Co-«alkyl, Het-Qj-ealkyl, or C^cycloalkyl-Q^alkyl, halogen, CF3, OR f , S(0) k R f , COR f , NO2, N(R% CO(NR*) 2 , CH2N(R*)2, or R*> 
and R c are joined together to form a five or six membered aromatic or non-aromatic carbocyclic or heterocyclic ring, optionally substituted 
by up to three substituents chosen from halogen, CF3, Ci_4alkyl, OR f , S(0) k R f , CORf C02R f , OH, NO2, N(jk% CO(NR^, and CH 2 N(R*>2; 
or methylenedioxy; Q 1 , Q 2 , q3 and Q 4 are independently N or C-^tf, provided that no more than one of Q 1 , Q 2 , Q 3 and Q 4 is N; R' is H, 
Cj_6alkyl, Ar-Co-6alkyl or C3-6cycloalkyl-Co-6alkyl; R" is R\ -C(0)R' or-C(0)OR'; R* is H, halo, -ORB, ^SRB, -CN, -NR*R k , -NO2, 
-CF 3f CF 3 S(0),-, -CO2R8, -CORK or -CONR&2, or Ci^»alkyl optionally substituted by halo, -OR6, -SRK, -CN, -NR*R", -NO2, -CF3, 
R'S(O),-, -CO2R*, -COR8 or -CONRe 2 ; a is 0, 1 or 2; b is 0, 1 or 2; k is 0, 1 or 2; r is 0, I or 2; s is 0, 1 or 2; u is 0 or I; and v is 0 or 
1; or a pharmaceutical ly acceptable salt thereof. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


CH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


XL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d* I voire 


KP 


Democratic People* s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/07544 



PCT/US99/17665 



TITLE 

Vitronectin Receptor Antagonists 

FIELD OF THE INVENTION 

5 This invention relates to pharmaceutically active compounds which inhibit the 

vitronectin receptor and are useful for the treatment of inflammation, cancer and 
cardiovascular disorders, such as atherosclerosis and restenosis, and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

10 BACKGROUND OF THE INVENTION 

Integrins are a supeifamily of cell adhesion receptors, which are transmembrane 
glycoproteins expressed on a variety of cells. These cell surface adhesion receptors include 
gpllb /ma (the fibrinogen receptor) and 0^63 (the vitronectin receptor). The fibrinogen 
receptor gpllb /ma is expressed on the platelet surface, and mediates platelet aggregation 

IS and the formation of a hemostatic clot at the site of a bleeding wound. Philips, et al., 
Blood., 1988, 71, 831. The vitronectin receptor 0^,83 is expressed on a number of cells, 
including endothelial, smooth muscle, osteoclast, and tumor cells, and, thus, it has a variety 
of functions. The a v B, receptor expressed on the membrane of osteoclast cells mediates the 
adhesion of osteoclasts to the bone matrix, a key step in the bone resorption process. Ross, 

20 et at, /. Biol. Chem., 1987, 262, 7703. A disease characterized by excessive bone 

resorption is osteoporosis. The 0^83 receptor expressed on human aortic smooth muscle 
cells mediates their migration into neointima, a process which can lead to restenosis after 
percutaneous coronary angioplasty. Brown, et al.. Cardiovascular Res., 1994, 25, 1815. 
Additionally, Brooks, et al.. Cell, 1994, 79, 1 157 has shown that an 0^83 antagonist is able 

25 to promote tumor regression by inducing apoptosis of angiogenic blood vessels. Thus, 
agents that block the vitronectin receptor would be useful in treating diseases, such as 
osteoporosis, restenosis and cancer. 

The vitronectin receptor is now known to refer to three different integrins, 
designated 0^, 0^83 and 0^85. Horion, et al., Int / Exp. Pathol, 1990, 71, 741. OyBj 

30 binds fibronectin and vitronectin. 0^83 binds a large variety of ligands, including fibrin, 
fibrinogen, laminin, thrombospondin, vitronectin, von Willebrand's factor, osteopontin and 
bone sialoprotein L 0^85 binds vitronectin. The vitronectin receptor 0^65 has been shown 
to be involved in cell adhesion of a variety of cell types, including microvascular 
endothelial cells, (Davis, et al., J. Cell Biol., 1993, 51, 206), and its role in angiogenesis 

35 has been confirmed. Brooks, et al.. Science, 1994, 264, 569. This integrin is expressed on 
blood vessels in human wound granulation tissue, but not in normal skin. 
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The vtronectin receptor is known to bind to bone matrix proteins which contain the 
tn-pept.de Arg-Gly-Asp (or RGD) motif. Thus. Horton. et al.. Exp. Cell Res. !991 195, 
368. d,sclose that RGD- CO „taining peptides and an anti-vitronectin receptor antibody ' 
(23C6) uUubu dentine resorption and cell spreading by osteoclasts. In addition. Sato, et al 
J.CeUBicl. 1990. Ill, 1713 discloses that echistatin. a snaJce venom peptide which " 
contains the RGD sequence, is a potent inhibitor of bone resorption in tissue culture, and 
inhibits attachment of osteoclasts to bone. 

It has now been discovered that certain compounds are potent inhibitors of the 
OvB 3 and M5 receptors. In particular, it has been discovered that such compounds are 
more potent inhibitors of the vitronectin receptor than the fibrinogen receptor. 

SUMMARY OF THE INVENTION 

This invention comprises compounds of the formula (I) as described hereinafter 
winch have phannacological activity for the inhibition of the vitronectin receptor and are 
useful .„ the treatment of inflammation, cancer and cardiovascular disorders, such as 
atherosclerosis and restenosis, and diseases wherein bone resorption is a factor, such as 

osteoporosis. 

This invention is also a pharmaceutical composition comprising a compound 
according to formula (I) and a pharmaceutically carrier. 

This invention is also a method of treating diseases which are mediated by the 
vitronectin receptor. In a particular aspect, the compounds of this invention are useful for 
treating atherosclerosis, restenosis, inflammation, cancer and diseases wherein bone 
resorption is a factor, such as osteoporosis. 

DETAILED DESCRIPTION 

This invention comprises novel compounds which are more potent inhibitors of the 
vitronectin receptor than the fibrinogen receptor. This invention comprises compounds of 

formula (I): 

<D 

wherein: 

YisCR'R'orNR'QO); 

Rl is "Co-ealkyl-Het.. -C^yl-Ar, H. -^gallcyl, -CN or -S^Rg; 
R^is 
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T />— NR"— CR'— W 

R^N 



R' 

\ 

R"' 



<?)„ 



«?>„ 



Q 2 ^ 3 .Q 4 
Q 



^ N Y NR '~ CR 2 - W — N N ( C R- 2 ) ¥ ~W— 



or 



IS 



W is -(CHRg) a -U-(CHRg) b -; 

U is absent or CO, CR** C(=CR g2 ). S(0 ) k , 0 , NRg, CRgORg. CR8(ORk)CRg, 
10 ^CRg(ORW)CRg 2 .^^ 

OCR82, C=C ,CR8=CRg,ArorHet; 
GisNRe SorO; 

R« is H, C,. 6 alkyl, Het-C^alkyl, C 3 .7cycloalkyl.C 0 . 6 aIkyl or Ar-Co^alkyl- 
R k is R8, -C(0)R8, or -C(0)ORf; 

R» is is H, Ct^alkyl, Het^ky,, Ca-Tcycloalkyl-^allcyl, Ar- C^alkyl, or 
q^alkyl subsntuted by one to three groups chosen from halogen. CN. NR* 2 , ORg SRg 
C02R8,andCON(Rg)2; 2 ' ' 

R f is H, Ctjtikyl or Ar-Co^alkyl; 

RC * H ' C l-^^ ^-Co^alkyl. Het-C^alkyl, Ca-Tcycloalkyl-q^alkyl, or 
(Cri2)j c C02R8; 

R b and Rc are independently selected from H. 0,^1, Ar-C^alkyl, Het-Cn 

6alkyl or C^ycloalkyl-C^alkyi. halogen. CF 3 . ORf 5(0^. CORf. N0 2 . W*h. 
C ^.CH 2 N(R W b^^ 

aroma* or non-aromatic carbocyclic or heterocyclic ring. optionaUy substituted by up to 
three substituents chosen from halogen. CF 3 , C M alkyl. ORf. S(0) k Rf. CORf C0 2 Rf OH, 
N0 2 . m ^ CO(NRf) 2 . and CH 2 N(Rf) 2 ; or methylenedioxy; 

Q 1 .Q z ,Q 3 andQ*isN; 

- 3 - 
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R'is H. Ci^alkyl, Ar-Co^alkyl or C3. 6 cycloaIkyl-C 0 . 6aUcyl . 
R-isR-.-QOR-or-QOOR'; 

5 CF R^; ° Pt, ° naIly SUbStitUted ^ ^ -° Rg - - SR8 ' -NRSR", -NO,, 

5 -CF 3 ,R'S(0) r .,-C02R8,.COR8or-CONRg2; 
a is 0,1 or 2; 

bis 0,1 or 2; 

kisO, 1 or 2; 

r is 0, lor 2; 

10 sisO, lor2; 

uisOor l;and 

visOor 1; 

or a pharmaceutically acceptable salt thereof. 

Also included in this invention are pharmaceutically acceptable addition salts and 
complexes of the compounds of this invention. In cases wherein the compounds of this 
■nvenuon may have one or more chiral centers, unless specified, this invention includes 
each unique nonracemic compound which may be synthesized and resolved by 
conventional technique, ^ mwtichcQ ^^e m s^^ n ^ a 
oublebonds.boththecis(Z)and tt a„s(E) isomers are within the scope of this invention 
In cases wherein compounds may exist in tautomeric forms, such as keto-enol tautomers. 
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such as — and-^*^- 



within ,M.- . • a ° d ««l>>"omericfo m ,i S co M e™pl al ed as being included 

substitution with R*. "Fprapnaie 

n.e compounds of formula (I) inhibit the binding of vitronectin and other RGD- 
contammgpeptides to the vitronectin receptor. Inhibition of the viuonectin receptor on 
osteoclasts inhibits osteoclastic bone resorption and is useful in the treatment of diseases 
wherein bone resorption is associated with pathology, such as osteoporosis and 
osteoarthritis. 



In another aspect, this invention is a method for stimulating bone formation which 
compnses administering a compound which causes an increase in osteocalcin release 
Increased bone production is a clear benefit in disease states wherein there is a deficiency 
of mineralized bone mass or remodeling of bone is desired, such as fracture healing and the 
prevenuon of bone fractures. Diseases and metabolic disorders which result in loss of bone 
structure would also benefit from such treatment For instance, hyperparathyroidism. 
Paget s disease, hypercalcemia of malignancy, osteolytic lesions produced by bone 
metastasis, bone loss due to immobilization or sex hormone deficiency. Behcet's disease 
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os^alacia, hyperostosis and osteopetrosis, could benefit from administering a compound 
of this invention. 

Additionally, since the compounds of the instant invention inhibit vitronectin 
receptors on a „ umber 0 f different types of cells, said compounds would be useful in the 
treatment of mflammatory disorders, such as rheumatoid arthritis ami psoriasis and 
c^vascu.^^ 

(D of the prcsent uwention may be useful for the treatment or prevention of other diseases 
mcu^ 

distress syndrome, graft versus host disease, organ transplant rejection, septic shock, 
eczema, contact dermatitis, inflammatory bowel disease, and other autoimmune diseases 
The compounds of the present invention may also be useful for wound healing 

The compounds of the present invention are also useful for the treatment, including 

ir 0 * ° f 7 gi08enicdiSO,derS ^ ete ™ ^genic disorders as used he rcin includes 
condmons involving abnormal neovascularization. Where the growth of new blood vessels 
»s the cause of, or contributes to. the pathology associated with a disease, inhibition of 
angiogenisis will reduce the deleterious effects of the disease. An example of such a 
disease target is diabetic retinopathy. Where the growth of new blood vessels is required to 
support growth of a deleterious tissue, inhibition of angiogenics will reduce the blood 
supply to the tissue and thereby contribute to reduction in tissue mass based on blood 
supply requirements. Examples include growth of tumors where neovascularization is a 
contmual requirement in order that me tumor grow and the establishment of solid tumor 
metastases. Thus, the compounds of the present invention inhibit tumor tissue 
angiogenesis, thereby preventing tumor metastasis and tumor growth. 

Thus, according to the methods of the ptesent invention, the inhibition of 
angtogenesisu.ing the compounds of the prosent invention can an.liomte the symptoms of 
the disease, and, in some cases, can cute the disease. 

Another therapeutic target for the compounds of the instant invention are eye 
d^chacterizedbyneovascularization. Such eye diseases include corneal neovascular 
borders such as corneal transplantation, herpetic keratitis, luetic keratitis, pterygium and 
neovascular pannus associated with contact lens use. Additional eye disease, also include 
age-related macular degeneration, presumed ocular histoplasmosis, retinopathy of 
prematurity and neovascular glaucoma. 

This invention further provides a method of inhibiting tumor growth which 
compnses administering stepwise or in physical combination a compound of formula (I) 
and an antineoplastic agent, such as topotecan and cisplatin. 
With respect to formula (I): 
Suitably R2 is 
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(9), 



10 



u 



N^NR'— CR' 2 --w 



TX 

0% 3 .Q 4 
Q 

.wherein Q 1 , Q 2 . and Q3 are each CRY, Q4 ls 

CRyorNandui S 0,andprefe ra bly.eachR'isH.R^sHorC 1 . 6 alkyl > Wis-(CH 2 )i 4- O* 
isCRrandRXisH. v 

Alternately R 2 is 
(?)» 



R' 

Q *q 2 ' Q3 

.wherein Ql, Q2, and Q3 are each CH and u is 
0. and preferably, each R' is H. R« is H or C^l, W is -(CH^M- and v is 0. 
Alternately R 2 is 

T ^-NR'— CR' 2 — W 

R^N 

, wherein G is NH and Rb and Rc are each 

H. and preferably, W is -(CH^M-. 
Alternately R 2 is 

r S- g 

JT ^-NR'— CR' 2 — W 

15 R^N 

, wherein G is NH and R b and R c are 
joined together to formafive or six membered aromatic or non-aromatic carbocyclic or 
heterocyclic ring, optionally substituted by up to three substituents chosen from halogen 
CF3, C M alkyl, ORf S(0) k Rf COR* CO^f, OH. NO* N(Rf^ CO(NR^ and 
CH 2 N(Rfk;ormemyle,«aioxy. Preferably, Rb and RCarejou^d together to form a six 
20 membered aromatic carbocyclic or heterocyclic ring and W is -(CH2M-4-. 
Alternately R 2 is 
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^ N NR"~ CR' 2 — W 

PR - „ „ ' whereineac hR-isH t R-tsHorC,. 6 alkyl 
R* » H or Cl . 6 alkyl and s is 0, 1 or 2 and, preferably. W is -(CH^M- 

oxazolylorth.azo.yl. Preferably. Rl is phenyl. Suitably, Y is NHC(0) 

Representative of the novel compounds of this invention are the following: 

2- yI] but^^ 
yUoutani^ 
yljoutan^ 

or a pharmaceutical^ acceptable salt thereof. 

m cases *. „„,„„,„„,, of ^ i,,,^ may have one or more chiral 

«-* ™^ specfleo, .his h,™,^ ^ « h ^ ^ 

meaning, at any other occurrence. 

Also included in this invention are prodrugs of the compound, of this invention 
Prodrugs are constdered to be any covalently bonded carriers which release the active 

ofZ^ 

R 2 — Y-tf? f 

N :5: V^N N ^C0 2 C, < alkyt 

. . (ID 
wherein: 

30 YisCRTforNRCCO); 

** h -Co-ealkyl-Het-, ^alkyl-Ar. H, -C^alkyl, -CN or -S^Rg; 
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R B 



jf ^NR-— CR' 2 — W 



( ?>u (9) u 

R' 

V 



s .^N Nv .(CR- 2 ) ¥ -W _N NR'—CR' -W 



r* Y Y 0 Y 

Q, V Q3 Q ^Q3'° 4 



^ N Y NR-- CR' 2 -W— /N N (CR' 2 ) y — W 



W is -(CHRg) a -U-(CHRg)b-; 

U is absent or CO. CRS* Q-CRgj), S (0) k , O. MRS. CRJSORg, CR^OR*)^ 
CR8 2 CRg(OR*), QOCR^, CR8 2 C(0), CONR*. NR*CO. OQO), C(0)0, C(S)0 OC(S) 
10 C(S)rTO,NRgCXS).S(0) 2 r«g.NRgS(0^^ CR8,0 
OCRg 2 , CsC , CR«=CRg, Ar or Het; ' 

G is NR e , S or O; 

R8 is H, CLealkyl, Het-C^alkyl. C3.7cyclo a lkyl-C 0 . 6 alkyl or Ar-Co^alkyl; 

R k is RI, -C(0)Rg, or -C(0)ORf; 
15 Ri is is H, CLgalkyl. Het^alkyl, Ca-Tcycioalkyl-Co.oalkyl, Ar- Co.galkyl, or 

Ci_ 6 alkyl substituted by one to three groups chosen from halogen, CN, NRg* ORg. SRg 
C0 2 R8.andCON(Rg)2; 

R f is H, 0,^8^1 or Ar-q^jalkyl; 

R e is H, C,. 6 alkyl, Ar-Co.galkyl. Het-Co^alkyl, C^cycloalkyl-Cnfialkyl, or 
20 (CH^COzRg; 

R b and Rc are independenUy selected from H, C,.<salkyl, Ar-Co^alkyl, Het-Co. 
6 alkyl orC 3 ^cycloalkyl^o. 6 alkyl, halogen, CF 3 , OR', SfO)^. COR*. NOz, 
CO(m% CH 2 N(Rf> 2 , or Rb and Rc are joined together to form a five or six membered 
aromatic or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
25 three substituents chosen from halogen. CF 3 , C M alkyl, OR', SiO^*?, COR*, CO^, OH. 
NOj, N(R<) 2 , COm% and CH^R^; or methylenedioxy; 

Q 1 . Q 2 , Q3 andQ* are independently N or C-RX, provided that no more than one of 
Q l .Q 2 .Q 3 andQ4isN; 

R* is H, Ci.6alkyl, Ar-Co-6alkyl or C3^cycloalkyl-Co^alkyl; 
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R" «s R*. -C(0)R" or-C(0)OR' ; 

° f ^ ° Pt,0nal, > Subs ^ * ^o. -ORg, -SRg. .CN, -NrW -NO, 
-CF 3 , RS(0) r , -COjRg, -COR8 or -CONRg* ' ^' 

5 aisO, lor2; 

bisO, lor2; 
k is 0. 1 or 2; 
risO, 1 or 2; 
s is 0, 1 or 2; 
10 uis0orl;and 
visOor 1; 

or a pharmaceutically acceptable salt thereof. 

Abbreviations and symbols commonly used in the peptide and chemical arts are 
-iheremtodescribethecompoundsofthisinvention. In generai, the anjLT 
descnbed in Eur. J. Biochenu, 158. 9 (1984). nomenclature as 

C M aIkyl as applied herein means an optionally substituted alkyl group of 1 to 4 

2^^™^, C^alMandC^alkyladditionallyindicIthatno 
alkyl group neod be present (e.*., that a covalent bond is present) 

option^ subbed with ^m^^ n ^lJZ^ 
> R ^Malkyl, OR,SR,Ci^aIkylsuJfonyl,C|^alkylsulfoxyl -CN N(R\> CH IWpN 

Halogen or halo means F, CI, Br, and L 
• sub** Bry1, " aPPUed ^ ^ ^ M or or naphthy, 

CMaIkyl. C M alkoxy, C M alkthio. CF 3 . NH 2 . OH. F, CI, Br or L 

Het, or heterocycle. indicates an optionally substituted five or six membered 
monocychc nng. or a nine or ten-membered bicyclic ring containing one to three 

!vlZT Ch0$en fr ° m ° f nitr0gen ' ° Xygen ^^.whicharestableand 

avauab , b y conventional chemical synthesis, ^ustrative heterocycles are benzofuryl. 
benz.m.dazole, benzopyran. benzothiophene, furan, imidazole. indolinj , moipho , me 
P.pendu«, pipeline, pyrrole, pyrroli d in e, tetrahydropyridine. pyridine, thiazole, oxazole 
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thiophene, quinoline. isoquinoline, and tetra- and perhydro- quinoline and isoquinoline. 
Any accessible combination of up to three substituents on the Het ring, such as those 
defined above for alkyl that are available by chemical synthesis and are stable are within 
the scope of this invention. 

C 3 -7cycloalkyl refers to an optionally substituted carbocyclic system of three to 
seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds. 
Typical of C3-7cycIoalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, 
cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents, 
such as those defined above for alkyl, on the cycloalkyl ring that is available by 
conventional chemical synthesis and is stable, is within the scope of this invention. 

When Rb and R* are joined together to form a five- or six-membered aromatic or 
non-aromatic carbocyclic or heterocyclic ring fused to the ring to which R«> and Rc ^ 
attached, the ring formed will generally be a five- or six-membered heterocycle selected 
from those listed above for Het, or will be a phenyl, cyclohexyl or cyclopentyl ring 
Preferably R b and R, will be -DUD2-D3=D4 wherein Dl - D4 are independently CH, N or 
C-R x with the proviso that no more than two of Dl - D4 are N. Most preferably, when R»> 
and R c are joined together they form the group -CH=CH-CH=CH-. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary butyl 
radical. Boc refers to the t-butyloxycarbonyl radical. Fmoc refers to the 
fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 
benzyloxycarbonyl radical, Bn refers to the benzyl radical, Me refers to methyl, Et refers to 
ethyl, Ac refers to acetyl. Alk refers to C M alkyl. Nph refers to 1- or 2-napbthyl and cHex 
refers to cyclohexyl. Tet refers to 5-tetrazolyl. 

Certain reagents are abbreviated herein. DCC refers to dicyclohexylcarbodiimide, 
DMAP refers to dimethylaminopyridine, DEA refers to diisopropylethyl amine, EDC 
refers to l-(3-dimemylamiiiopropyl)-3-emylcarboduinide, hydrochloride. HOBt refers to 
1-hydroxybenzotriazole, THF refers to tetrahydrofuran, DIEA refers to 
diUopropylemylairdne. DEAD refers to diethyl azodicarboxylate. PPh 3 refers to 
triphenylphosphine, DIAD refers to diisopropyl azodicarboxylate. DME refers to 
dimethoxyethane, DMF refers to dirnethylfonnamide, NBS refers to N-bromosuccinimide, 
Pd/C refers to a palladium on carbon catalyst, PPA refers to polyphosphoric acid, DPPA 
refers to diphenylphosphoryl azide, BOP refers to benzotriazoH-yloxy-tris(dimethyl- 
amino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid, TEA refers to 
triethylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium chlorochromate. 

The compounds of formula (I) are generally prepared by reacting a compound of 
formula (HI) with a compound of formula (IV): 
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R 2 -NH 2 
(IV) 

^ wherein Rl and R 2 ^ . defined fa formula (I) ^ 

groups protected; ^ 

and thereafter removing any protecting groups, and optionally forming a 
pnarmaceutically acceptable salt 
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Scheme I 




MeO z C 
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MeO.C N 




Me0 2 C- 



C0 2 Et 



.0 




C0 2 Et 





5 (a) serine methyl ester. EDC. HOBt H 2 0. Et 3 N, DMF; (b) Burgess reagent. THF; (c) 
CuBr 2 . DBU. hexamethylenetetramine. CH 2 a 2 ; (d) Lil, pyridine; (e) CDI. CH 2 a 2 . then 
2-K3-amino-l-propyl)aniino]pyridine dihydrochloride. Et;jN; (f) LiOH. THF, H 2 0. then 



acidification. 



10 The mono-ethyl ester of 3-phenylglutaric acid (1-1; /. Org. Chem. 1959, 24, 1290) 

is converted to an activated form of the acid using, for example, EDC and HOBt, or SOC! 2 , 
and the activated form is subsequently reacted with an appropriate 2-hydroxyethylamine, ' 
for instance serine methyl ester, in a suitable solvent such as DMF. CH^ or CH 3 CN, to 
afford the hydroxyethylamide L2. Depending on whether acid neutralization is required, 
an added base, such as triethylamine (Et 3 N). ausopropylemylamine ((i-Pr^NEt), or 
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pyridine, may be used. Many additional methods for converting a carboxylic acid to an 
annde ate known, and can be found in standard re f erc „ C e books, such as "Compendium of 
Orgauc Synthetic Methods". Vol. I - VI (published by WUey-Interscience). or Bodansky 
ThePracriceofPeptideS^^^ Compound L2 is ' 

converted to the oxazole derivative 1-4 through a standard two-step process. Rrst 
compound 1-2 is cyclized under dehydrating conditions, preferably with the Burgess 
reagent (Or,. SynsH. Coll. Vol. VI ,988. 788) as described by Meyers (J. Or g . CHer, 1996. 
61. 8207). to afford the oxazoline derivative 1-3. Subsequent oxidization according to the 
general methodology developed by Banish (/. Org. Chem. 1993. 58, 4494) affords the 
oxazole derivative 1-4. Other methods for the preparation of oxazoles from oxazolu.es are 
known, several of which are described in a recent review by Meyers (Tetrahedron 1994. 50 
2297). ^ememylesterofMiscleavedto^ ' 
nucleophilic conditions, such as lithium iodide in refluxing pyridine. Other methods for the 
nucleophilic cleavage of methyl esters can be found in standard reference volumes, such as 
Greene. "Protective Groups in Organic Synthesis" (published by Wiley-Interscience) 
Nucleophilic conditions are preferable in this instance, as concomitant cleavage of the ethyl 
ester might be expected under standard saponiftcation conditions. Compound 1-5 is 
converted to an activated form of the acid using U'-carbonyl diimidazole, and the 
actrvated form is reacted with an appropriate amine, for instance 2-[(3-amino-l- 
propyOaminolpyridine dihydrochloride, to afford the amide derivative 1-6. As discussed 
above, a variety of other methods might be used to convert acid 1-5 to the amide 1-6 The 
ethyl ester of 1-6 is hydrolyzed using aqueous base, for example. LiOH in aqueous THF or 
NaOH ,n aqueous methanol or ethanol. and the intermediate carboxylate salt is acidified 
wtth a siutable acid, for instance TFA or HC1, to afford the carboxylic acid 1-7 
Alternatively, the intermediate carboxylate salt can be isolated, if desired, or a carboxylate 
salt of the free carboxylic acid can be prepared by methods well-known to those of skill in 
the art. 
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Scheme T\ 




(a) ethyl chlorofonnale, NMM, THF, then NaBH* MeOH; (b) CBr* PPh 3 , THF; (c) PPh 3 . 
CH3CN; (d)4.tNKtert-butoxycajtonyI).N-(pyridin.2-yl)aniinoJbuta n al KNCIMS) 2 , DMF- 
(e)4NHCyd«oxanc;(f)cyclohexen e , 10%Pd/C,2.propanoI;(g)LiOH.TOF,H2O,'then ' 
acidification. 
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The carboxylic acid of compound IM is selectively reduced to the corresponding 
alcohol (II-2) in the presence of the ethyl ester by a two-step procedure. The Fust step 
mvolves the formation of a mixed anhydride, using an alkyl chloroformate. such as ethyl 
chloroformate. in the presence of a trialkylamine base, generally N-methyimorpholine 
(NMM). The reaction is usually conducted in a polar, aprotic solvent, such as THF. The 
mixed anhydride is generally not isolated, but rather is reacted in situ with an appropriate 
reducing agent, preferably sodium borohydride (NaBH^. When NaBH4 is used as the 
reducing agent, a co-solvent such as MeOH or EtOH is required to solubilize the NaBFfy 
The alcohol II-2 is converted to the bromide IJ-3 by reaction with carbon tetrabromide 
(CBr4) in the presence of triphenylphosphine (PPh 3 ). according to the general method of 
Downie {Chen, In± 1966. 900). Many additional methods are available for the conversion 
of an alcohol to the corresponding halide. and are published in standard reference volumes 
such as "Compendium of Organic Synthetic Methods" (published by Wiley-Interscience) ' 
The bromide JJ-3 reacts with a trialkyl- or triarylphosphine. for instance 
triphenylphosphine. in an appropriate solvent, such as acetonitrile. to afford the Wittig salt 
n-4. On reaction with a suitable base and a suitable aldehyde, for instance 4-[N-(tert- 
butoxyca,tonyl).N-( P yridin-2-yl)ar« U no]butanal. EM reacts in a well-known Wittig 
reaction to afford olefin 11-5. In the present instance, the conversion of EM to D>5 is 
accomplished optimally according to a general procedure described by Evans (/. Am. 
Chen, Soc. 1992. 114, 9434). The im-butoxycarbonyl protecting group in O-S is removed 
under acidic conditions, such as 4 N HC1 in 1 ,4-dioxane or TFA in CH 2 C1 2 . to afford IM 
Conditions for removal of the /erf-butoxycarbonyl protecting group are well-known to 
those of skill in the art. and several useful methods are described in standard reference 
volumes such as Greene -Protective Groups in Organic Synthesis". Both the olefin and N- 
ox.de moieties of DXS are reduced simultaneously using transfer hydrogenation conditions 
to afford n-7. Typically, this reaction is mediated by a palladium catalyst, preferably 
palladium metal on activated carbon, and occurs in an inert solvent, for instance methanol 
ethanol, or 2-propanol. Cyclohexene. 1.4-cyclohexadiene. formic acid, and salts of formic 
acid, such as potassium formate or ammonium formate, are commonly wed as the 
hydrogen transfer reagent in this type of reaction. The ethyl ester of n-7 is hydrolyzed as 
described in Scheme I to afford the carboxylic acid 11*8. 

Amide coupling reagents as used herein denote reagents which may be used to 
form peptide bonds. Typical coupling methods employ carbodiimides, activated 
anhydrides and esters and acyl halides. Reagents such as EDC, DCC, DPPA, BOP reagent, 
HOBt, N-hydroxysuccinimide and oxalyl chloride are typical. 

Coupling methods to form peptide bonds are generally well known to the art. The 
methods of peptide synthesis generally set forth by Bodansky etal. % THE PRACTICE OF 
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PEPTIDE SYNTHESIS, Springer-Verlag, Berlin. ,984, Ali er a/. i„ y. Med Chem., 29, 984 
(1986) and/, tf* CW, 30, 2291 (1987) are generally illustrative of the technique and 
are incorporated herein by reference. 

Typically, the amine or aniline is coupled via its free amino group to an appropriate 
carboxylic acid substrate using a suitable carbodiimide coupling agent, such as N,N* 
dicyclohexyl carbodiimide (DCC), optionally in the presence of catalysts such as 1- 
hydroxybenzotriazole (HOBt) and dimethylamino pyridine (DMAP). Other methods, such 
as the formation of activated esters, anhydrides or acid halides. of the free carboxyl of a 
suitably protected acid substrate, and subsequent reaction with the free amine of a suitably 
protected amine, optionally in the presence ofa base, are also suitable. Forexample a 
protected Boc-amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent, 
such as methylene chloride or tetrahydrofuran(THF). in the presence of a base, such as N- 
methyl morpholine, DMAP or a trialkylamine, with isobutyl chlorofonnate to form the 
"activated anhydride", which is subsequently reacted with the free amine of a second 
15 protected amino acid or aniline. 

Useful intermediates for preparing formula (I) compounds in which R* is a 
benzimidazole are disclosed in Nestor et al, / Med. Chem. 1984, 27, 320. Representative 
methods for preparing benzimidazole compounds useful as intermediates in the present 
invention are also common to the art and may be found, for instance, in EP-A 0 38 1 033. 

Acid addition salts of the compounds are prepared in a standard manner in a 
suitable solvent from the parent compound and an excess of an acid, such as hydrochloric 
hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic, trifluoroacetic. maleic. succinic or 
methanesulfonic. Certain of the compounds form inner salts or zwitterions which may be 
acceptable. Cationic salts are prepared by treating the parent compound with an excess of 
an alkaline reagent, such as a hydroxide, carbonate or alkoxide. containing the appropriate 
cation; or with an appropriate organic amine. Cations such as Li+ Na+. K* Ca++, Mg++ 
and NH4+ are specific examples of cations present in pharmaceutically acceptable salts. 

This invention also provides a pharmaceutical composition which comprises a 
compound according to formula (I) and a pharmaceutically acceptable carrier. 
Accordingly, the compounds of formula (D may be used in the manufacture of a 
medicament Pharmaceutical compositions of the compounds of formula (I) prepared as 
hereinbefore described may be formulated as solutions or iy(>philized powders for 
parenteral aaministration. Powders may be reconstituted by addition of asuitable diluent 
or other pharmaceuticaUy acceptable carrier prior to use. The liquid formulation may be a 
buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral ao^ninistration. but may also 
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be used for oral administration or contained in a metered dose inhaler or nebulizer for 
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, gelatin, 
hydroxy cellulose, acacia, polyethylene glycol, mannitol. sodium chloride or sodium 
citrate 



Alternately, these compounds may be encapsulated, tableted or prepared in a 
emuls,on or syrup for oral administration. PharmaceuUcally acceptable solid or liquid 
earners may be added to enhance or stabilize the composition, or to facilitate preparation of 
the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate terra alba, 
magnesium stearate or stearic acid. talc, pectin, acacia, agar or gelatin. Liquid carriers 
include syrup, peanut oil. olive oil. saline and water. The carrier may also include a 
sustamed release material such as glyceryl monostearate or glyceryl distearate, alone or 
w.th a wax. The amount of solid carrier varies but, preferably, will be between about 20 
mg to about 1 gperdosageunit. The pharmaceutical preparations are made following the 
conventional techniques of pharmacy involving milling, mixing, granulating and 
compressing, when necessary, for tablet forms; or milling, mixing and filling for hard 
gelatm capsule forms. When a liquid carrier is used, the preparation will be in the form of 
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 
formulation may be administered directly p.o. or filled into a soft gelatin capsule. 

For rectal administration, the compounds of this invention may also be combined 
with excipients such as cocoa butter, glycerin, gelatin or polyethylene glycols and molded 
into a suppository. 

The compounds described herein are antagonists of the vitronectin receptor, and are 
useful for treating diseases wherein the underlying pathology is attributable to ligand or cell 
which utteracts with the vitronectin receptor. For instance, these compounds are useful for 
the treatment of diseases wherein loss of the bone matrix creates pathology. Thus the 
instant compounds are useful for the treatment of osteoporosis, hyperparathyroidism, 
Paget* disease, hypercalcemia of malignancy, osteolytic lesions produced by bone 
metastasis, bone loss due to immobiUzation or sex hormone deficiency. The compounds of 
this invention are also believed to have utility as antitumor, anti-angiogenic, 
antiinflammatory and anti-metastatic agents, and be useful in the treatment of 
atherosclerosis and restenosis. 

The compound is administered either orally or parenteraUy to the patient, in a 
manner such that the concentration of drug is sufficient to inhibit bone resorption, or other 
such indication. The pharmaceutical composition containing the compound is administered 
at an oral dose of between about 0. 1 to about 50 mg/kg in a manner consistent with the 
condition of the patient Preferably the oral dose would be about 0.5 to about 20 mg/kg 
For acute therapy, parenteral administration is preferred. An intravenous infusion of the 
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peptide in 5% dextrose in water or normal saline, or a similar formulation with suitable 
excipients, is most effective, although an intramuscular bolus injection is also useful 
Typically, the parenteral dose will be about 0.01 to about 100 mg/kg; preferably between 
0. 1 and 20 mg/kg. The compounds are administered one to four times daily at a level to 
achieve a total daily dose of about 0.4 to about 400 mg/kg/day. The precise level and 
method by which the compounds are administered is readily determined by one routinely 
skilled in the art by comparing the blood level of the agent to the concentration required to 
have a therapeutic effect. 

This invention further provides a method for treating osteoporosis or inhibiting 
bone loss which comprises administering stepwise or in physical combination a compound 
of formula (I) and other inhibitors of bone resorption, such as bisphosphonates (i.e., 
allendronate), hormone replacement therapy, anti-estrogens, or calcitonin. In addition, this 
invention provides a method of treatment using a compound of this invention and an ' 
anabolic agent, such as the bone morphogenic protein, iproflavone, useful in the prevention 
15 of bone loss and/or to increase bone mass. 

Additionally, this invention provides a method of inhibiting tumor growth which 
comprises administering stepwise or in physical combination a compound of formula (I) 
and an antineoplastic agent. Compounds of the camptothecin analog class, such as 
topotecan, irinotecan and 9-aminocamptothecin, and platinum coordination complexes, 
such as cisplatin, ormaplatin and tetraplatin. are well known groups of antineoplastic 
agents. Compounds of the camptothecin analog class are described in U.S. Patent Nos 
5,004,758. 4,604,463, 4,473,692, 4,545,880 4,342,776, 4,513,138, 4,399,276, EP Patent 
Application Publication Nos. 0 418 099 and 0 088 642, Wani, et al., J. Med Chenu, 1986 
29, 2358, Wani, et al., J. Med Chenu, 1980, 23, 554, Wani, et al., J. Med. Chenu, 1987, 30, 
1774, and Nitta, et al., Proc. 14th International Congr. Chemotherapy., 1985, Anticancer 
Section 1, 28, the entire disclosure of each which is hereby incorporated by reference. The 
platinum coordination complex, cisplatin, is available under the name Platinol® from 
Bristol Myers-Squibb Corporation. Useful formulations for cisplatin are described in U.S 
Patent Nos. 5,562,925 and 4,310.515. the entire disclosure of each which is hereby 
30 incorporated by reference. 

In the method of inhibiting tumor growth which comprises administering stepwise 
or in physical combination a compound of formula (D and an antineoplastic agent, the 
platinum coordination compound, for example cisplatin, can be administered using slow 
intravenous infusion. The preferred carrier is a dextrose/saline solution containing 
mannitol. The dose schedule of the platinum coordination compound may be on the basis 
of from about 1 to about 500 mg per square meter (mg/ m 2) of body surface area per course 
of treatment. Infusions of the platinum coordiation compound may be given one to two 
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«>«. weekJy. and the weekly treatments may be repeated several times Using a 
compound of the camptothecin analog Cass in a parenteral administrati n. the course of 

IT rr ,y emPl ° yed " fr ° m *°" °" 1 1 ° *"* 300 0 m S"" 2 of My «*« area 
per day for about five consecutive days. Most preferably, the course of therapy employed 

stedTTH ^ p ^- to ~-^--^--i«— 

seven day to about a twenty-eight day interval, 
formu, ^T^^^ 

formula (I) and the anaplastic agent i„ the same container, but formualtion in different 
con^sp^erred. When bom agents are provided in solution form, they can be 
contamed m an inr^ion/injection system for simultaneous admimstration or in a tandem 
arrangement 

For convenient administration of the compound of formula 0) and the 
autoplastic .gen, at the same or Cerent times, a kit is prepared, comprising, m a single 
confer, such asabo, canon orother container, individua. botUes. bags, vials or othL 
contatners each having an effective amount of the compound of formuU (I) for parenteral 
*-~--»c*- above, and .effecUVe amount of the antineoplastic agent for 
parenteral action, as Ascribed afc.ve. Such kit c M comprise, for example, bom 
pharmaceuucal agents in separate containers or the same container, optionally as 
lyoph^d plugs, and contain of solutions for recitation. A variation of this is to 
mclude the solution for .constitution and the lyophilized plug in two chambers of a single 
contamer.wh.chcanbecausedtoadmixpriortouse. With such an arrangement, the 
anaplastic agent and the compoundof this invention may be packaged separately, as in 
two confers, or lyophilized together as a powder and prided in a single container 
When both agents are provided in solution form, they can be contained in an 

e^o 0 , r ti0n SyStCm fM SimU,tane ° US ^^--"a^arrangement. For 
example, the compound of formula (I) may be in an i.v. injectable form, or infusion bag 
imked ,n senes. via tubing, to the antineoplastic agent in a second infusion bag. Using such 
a system, a patient can receive an initial bolus-type injection or infusion of the compound 
of formula (T) followed by an infusion of the antineoplastic agent. 

TT* compounds may be tested in one of several biological assays to oetermine the 
concentrate of compound which is required to have a given pharmacological effect. 

Inhibition of vitronectin binding 

O.03 (0.1-03 mgtaO.) i„ T (con^g 2 mM CaCI 2 „«, ,% oayjgtacide) wls 
*l U .=d„i,hb„f fa Tco^ ni „ gl MC *a 2 . lmMttoa2 , , mMMeCbd^ferA,^ 



- 19 



WO 00/07544 



PCT/USV9/17665 



0.05% NaN 3 . and then immediately added to 96-well ELISA plates (Coming, New York, 
NY) at 0.1 mL per well. 0.1 -0.2ugofa v p3 was added per well. Theplatesw re 
incubated overnight at 4°C. At the time of the experiment, the wells were washed once 
with buffer A and were incubated with 0. 1 mL of 3.5% bovine serum albumin in the same 
buffer for 1 hr at room temperature. Following incubation the wells were aspirated 
completely and washed twice with 0.2 mL buffer A. 

Compounds were dissolved in 100% DMSO to give a 2 mM stock solution, which 
was diluted with binding buffer (15 mM Tris-HCl (pH 7.4), 100 mM Nad, 1 mM CaCI 2 . 1 
mM MnCl2, 1 mM MgCl2) to a final compound concentration of 100 uM. This solution is 
then diluted to the required final compound concentration. Various concentrations of 
unlabeled antagonists (0.001 - 100 uM) were added to the weUs in triplicates, followed by 
the addition of 5.0 nM of [ 3 H]-SK&F- 107260 (65 - 86 Ci/mmol). 

The plates were incubated for 1 hr at room temperature. Following incubation the 
wells were aspirated completely and washed once with 0.2 mL of ice cold buffer A in a 
well-to-well fashion. The receptors were soiubilized with 0.1 mL of 1% SDS and the 
bound [ 3 H]-SK&F-107260 was teterrnined by liquid scintillation counting with the 
addition of 3 mL Ready Safe in a Beckman LS Liquid Scintillation Counter, with 40% 
efficiency. Nonspecific binding of [ 3 H]-SK&F-107260 was determined in the presence of 
2 uM SK&F- 107260 and was consistently less than 1% of total radioligand input. The 
IC50 (concentration of the antagonist to inhibit 50% binding of [ 3 H]-SK&F-107260) was 
determined by a nonlinear, least squares curve-fitting routine, which was modified from the 
LUNDON-2 program. The Kj (dissociation constant of the antagonist) was calculated 
according to the equation: Ki = ICtfa + L/Kd), where L and Kd were the concentration 
and the dissociation constant of [ 3 H]-SK&F- 107260, respectively. 

Compounds of the present invention inhibit vitronectin binding to SK&F 107260 in 
the concentration range of about 2.0-0.2 micomolar. 

Compounds of this invention are also tested for in vitro and in vivo bone resorption 
in assays standard in the art for evaluating inhibition of bone formation, such as the pit 
formation assay disclosed in EP 528 587, which may also be performed using human 
osteoclasts in place of rat osteoclasts, and the ovarectomized rat model, described by 
Wronski et al. Cells and Materials 1991, Sup. 1, 69-74. 

Vascular smooth muscle cell migration assay 

Rat or human aortic smooth muscle cells were used. The cell migration was 
monitored in aTransweU cell culture chamber by using a polycarbonate membrane with 
pores of 8 um (Costar). The lower surface of the filter was coated with vitronectin. Cells 
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were suspended in DMEM supplemented with 0.2% bovine serum albumin at a 
concentration of 2.5 - 5.0 x 10* cells/mL, and were predated with test compound at 
vanous concentrations for 20 min at 20°C. The solvent alone was used as control. 0 2 mL 
of the cell suspension was placed in the upper compartment of the cham ber. The lower 
compartment contained 0.6 mL of DMEM supplemented with 0.2% bovine serum albumin 

tacubanon was caxried out at 37°C in an atmosphere of 95% air/5% €02^24^ After 
mcubauon, the non-migrated cells on the upper surface of the filter were removed by gentle 
scrapmg. The filter was then fixed in methanol and stained with 10% Giemsa stain 
Mtgratton was measured either by a) costing the number of cells that had migrated to the 
lower surface of the filter or by b) extracting the stained cells with 10% acetic acid 
followed by determining the absorbance at 600 nM. 

Thyroparathyroidectomized rat model 

waght The ra* are thyroparathyroidectomized (by the vendor, Taconic Farms) 7 days prior to 
use. Allrau^eiveax.placementdoseofthyroxineeverySdays. Onreceiptof the rats 
cuxulatmg ionized calcium levels are measured in whole blood immediately after it has been 
wtthdrawn by tail venipuncture into heparinized tubes. Rats are included if the ionized Ca level 
(n.asurcd^ 

mth an mdwelhng venous and arterial catheter for the delivery of test material and for blood 
^mpHng^spectively. The rats are men put on a diet of calcium-free chow and deionized water. 
Basehne Calevels are measured and each rat is administered either control vehicleor human 
parathyrotd hormone 1-34 peptide (hPTHl-34, dose 1.25 ugfrg/h i„ saline/0.1% bovine serum 
albunun, Bachem. Ca) or a mixture of hPTHl-34 and test material, by continuous intravenous 
mfuston via the venous catheter using an external syringe pump. The calcemic response of each 
rat is measured at two-hourly intervals during the infusion period of 6-8 hours. 

Human osteoclast resorption and adhesion assays 

Pit resorption and adhesion assays have been developed and standardized using 
normal human osteoclasts derived from osteoclastoma tissue. Assay 1 was developed for 
the measurement of osteoclast pit volumes by laser confocal microscopy. Assay 2 was 
developed as a higher throughput screen in which collagen fragments (released during 
resorption) are measured by competitve ELISA. 
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Assay 1 (using laser c nfocal microscopy) 

AHquots of human osteoclastoma-derived cell suspensions are removed from liquid 
nitrogen strorage. warmed rapidly at 37<>C and washed xl in RPMI-1640 medium by 
centrifiigation (lOOOrpm, 5 mins at 4°C). 

The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
rpm, 5 mins at 4<>C) and the cells are then transferred to a sterile 15 ml centrifuge tube 
The number of mononuclear cells are enumerated in an improved Neubauer counting 

chamber. 

• Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobjlizing the beads on a magnet and is replaced with fresh medium. 

• The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 

The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 
► Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts 
This wash process is repeated xlO. The bead-coated cells are discarded. 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
Aacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 10% fetal calf serum and 1 .7g/liter of sodium 
bicarbonate. 

3ml aliquots of the celt suspension (per compound treatment) are decanted into 
15ml centrifuge tubes. The ceUs are pelleted by centrifugation. 

To each tube, 3ml of the appropriate compound treatment are added (diluted to 50 
uM in the EMEM medium). Also included are appropriate vehicle controls, a positive 
control (anti-vitronectin receptor murine monoclonal antibody [87MEM1] diluted to 
100 ug/ml) and an isotype control (IgG u diluted to 100 ug/ml). Tte samples are 
incubated at 37°C for 30 mins. 

03ml aliquots of the cells are seeded onto sterile dentine slices in a 48-welI plate 
and incubated at 37°C for 2 hours. Each treatment is screened in quaoruplicate. 
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The slices are washed in six changes of warm PBS ( 10 ml / well in a 6-well plate) 
and then placed into fresh medium containing the compound treatment or control 
samples. The samples are incubated at 37°C for 48 hours. 

Tartrate resistant acid phosphatase (TRAP) procedure (selective stain for cells of the 

osteoclast lineage ) 

The bone slices containing the attached osteoclasts are washed in phosphate 
buffered saline and fixed in 2% gluteraldehyde (in 0.2M sodium cacodylate) for 5 mins. 

They are then washed in water and are incubated for 4 minutes in TRAP buffer at 
37°C (0.5 mg/ml naphthol AS-BI phosphate dissolved in N^methylformarnide and 
mixed with 0.25 M citrate buffer (pH 4.5), containing 10 mM sodium tartrate. 

Following a wash in cold water the slices are immersed in cold acetate buffer (0.1 
M. pH 6.2) containing 1 mg/ml fast red garnet and incubated at 4°C for 4 minutes. 

Excess buffer is aspirated, and the slices are air dried following a wash in water 

The TRAP positive osteoclasts (brick red/ purple precipitate) are enumerated by" 
bnght-field microscopy and are then removed from the surface of the dentine by 
sonication. 

• . Pit volumes are determined using the Nfroii/LasertecILNGlWcorfccal 
microscope. 

Assay 2 (using an ELISA readout) 

The human osteoclasts are enriched and prepared for compound screening as 
described in the initial 9 steps of Assay I. For clarity, these steps are repeated hereinbelow 
Ahquots of human osteoclastoma-derived cell suspensions are removed from liquid 
nitrogen strorage. wanned rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°C). 

The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI- 1640 followed by coariftigation (1000 
rpra. 5 mins at 40Q and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear cells are enumerated in an improved Neubauer counting 
chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 
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► The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 

The bead-coated ceils are immobilized on a magnet and the remaining cells 
(osteociast-rich fraction) are decanted int a sterile 50 ml centrifuge tube. 

Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
This wash process is repeated xlO. The bead-coated cells are discarded. 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/liter of sodium 
bicarbonate. 

In contrast to the method desribed above in Assay 1. the compounds are screened at 
15 4 doses to obtain an IC K , as outlined below: 

• The osteoclast preparations are preincubated for 30 minutes at 37°C with test 
compound (4 doses) or controls. 

They are then seeded onto bovine cortical bone slices in wells of a 48-well tissue 
culture plate and are incubated for a further 2 hours at 3TC. 

The bone slices are washed in six changes of warm phosphate buffered saline 
(PBS), to remove non-adherent cells, and are then returned to wells of a 48 well plate 
containing fresh compound or controls. 

The tissue culture plate is then incubated for 48 hours at 3TC. 
The supematants from each well are aspirated into individual tubes and are 
screened in a competitive ELBA that detects the c-telopeptide of type I collagen which 
is released during the resorption process. This is a commercially available ELBA 
(Osteometer, Denmark) that contains a rabbit antibody that specifically reacts with an 8- 
amino acid sequence (Glu-Lys-Ala-His- Asp-Gly-Gly-Arg) that is present in the 
carboxy-terminal telopeptide of the al-chain of type I collagen. The results are 
30 expressed as % inhibition of resorption compared to a vehicle control. 

Human osteoclast adhesion assay 

The human osteoclasts are enriched and prepared for compound screening as 
described above in the inital 9 steps of Assay 1. For clarity, these steps are repeated 
35 hereinbelow. 
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Aliquots of human osteociastoraa-derived cell suspensions are removed from liquid 
nitrogen strorage, wanned rapidly at 37°C and washed xl in RPMI-1640 medium by 
centrifugation (lOOOrpm, 5 mins at 4°Q. 
* The medium is aspirated and replaced with murine anti-HLA-DR antibody then 
5 diluted 1:3 in RPMI-1640 medium. The suspension is incubated for 30 mins on ice and 
mixed frequently. 

The cells are washed x2 with cold RPMI-1640 followed by centrifugation (1000 
rpm. 5 mins at 4°Q and the cells are then transferred to a sterile 15 ml centrifuge tube. 
The number of mononuclear ceUs are enumerated in an improved Neubauer counting 
10 chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mouse IgG 
(Dynal, Great Neck, NY) are removed from their stock bottle and placed into 5 ml of 
fresh medium (this washes away the toxic azide preservative). The medium is removed 
by immobilizing the beads on a magnet and is replaced with fresh medium. 
15 • The beads are mixed with the cells and the suspension is incubated for 30 mins on 
ice. The suspension is mixed frequently. 

The bead-coated cells are immobilized on a magnet and the remaining cells 
(osteoclast-rich fraction) are decanted into a sterile 50 ml centrifuge tube. 

Fresh medium is added to the bead-coated cells to dislodge any trapped osteoclasts. 
20 This wash process is repeated xlO. The bead-coated cells are discarded 

The viable osteoclasts are enumerated in a counting chamber, using fluorescein 
diacetate to label live cells. A large-bore disposable plastic pasteur pipet is used to add 
the sample to the chamber. 

The osteoclasts are pelleted by centrifugation and the density adjusted to the 
appropriate number in EMEM medium (the number of osteoclasts is variable from 
tumor to tumor), supplemented with 10% fetal calf serum and 1.7g/liter of sodium 
bicarbonate. 

Osteoclastoma-derived osteoclasts are preincubated with compound (4 doses) or 
controls at 3TC for 30 minutes. 

The cells are then seeded onto osteopontin-coated slides (human or rat osteopontin. 
2.5ug/ml) and incubated for 2 hours at 37°C. 

Non adherent cells are removed by washing the slides vigorously in phosphate 
buffered saline and the cells remaining on the slides are fixed in acetone. 

The osteoclasts are stained for tartrate-resistant acid phosphatase (TRAP), a 
selective marker for ceUs of this phenotype (see steps 15 -17), and are enumerated by 
light microscopy. The results are expressed as % inhibition of adhesion compared to a 
vehicle control. 
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Cell Adhesi n Assay 
Cells and Cell Culture 

Human embryonic kidney cells ( HEK293 cells) were obtained from ATCC 
(Catalog No. CRL 1573). Cells were grown in Earl's minimal essential medium (EMEM) 
medium containing Earl's salts. 10% fetal bovine serum, 1% glutamine and 1% Penicillin- 

Steptomycin. 

Constructs and Transfections 

A 3.2 kb EcoRI-Kpnl fragment of the a v subunit and a 2.4 kb Xbal- Xhol fragment 
of the P 3 subunit were inserted into the EcoRI - EcoRV cloning sites of the pCDN vector 
(Aiyar et al., 1994 ) which contains a CMV promoter and a G418 selectable marker by 
blunt end ligation. For stable expression, 80 x 10 6 HEK 293 cells were electmtransforrned 
with a v+P3 constructs (20 ug DNA of each subunit) using a Gene Pulser (Hensley et al 
1994 ) and plated in 100 mm plates (5x10* cells/plate). After 48 hr. the growth medium' 
was supplemented with 450 ug/mL Geneticin (G4I8 Sulfate. GBCO-BRL, Bethesda. MD) 
The cells were maintained in selection medium until the colonies were large enough to be 
assayed. 

Immunocytochemical analysis oftransfected cells 

To determine whether the HEK 293 transfectants expressed the vitronectin 
receptor, the cells were immobilized on glass microscope slides by centnfugation, fixed in 
acetone for2 min atroom temperature and air dried. Specific reactivity with 23C6 a 
monoclonal antibody specific for the a v p 3 complex was demonstrated using a standard 
indirect immunofluorescence method. 
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Cell Adhesion Studies 

Coming 96-well ELISA plates were precoated overnight at 4°C with 0.1 mL of 
human vitronectin (0.2 ug/mL in RPMI medium). At the time of the experiment, the plates 
were washed once with RPMI medium and blocked with 3.5% BSA in RPMI medium for I 
hr at room temperature. Transfected 293 cells were resuspended in RPMI medium 
supplemented with 20 mM Hepes, pH 7.4 and 0.1% BSA at a density of 0.5 x cells/mL 
0.1 mL of cell suspension was added to each well and incubated for 1 hr at 37»C, in the 
presence or absence of various 0^3 antagonists. Following incubation, 0.025 mL of a 
10% formaldehyde solution. pH 7.4, was added and the cells were fixed at room 
ten^rature for 10 rain. The plates were washed 3 times with 0.2 mL of RPMI medium 
and the adherent cells were stained with 0.1 mL of 0.5% toluidine blue for 20 min at room 
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77T ^^ W "^^*^««^»»*»m^.«e,. The 
loluidu* blue mcorporated imooeUs was eluted by «h« addition of 0.1 mL of 50%etha»ol 
conning o mM HCI. Cell adhesion was ^.ed a, an optical density of 600 „m on a 
nucrouter plate reader (Titertek Multiskan MC, Sterling. VA). 

S lid-Phase r^ s Binding Assay: 

The vitronectin receptor «,|) 5 was purified from human placenta. R^pto, 
Potion was diluted with 50 Tris-HCI, pH 7.5. 100 * N.C,. 1 mM Cad* , mM 
M»C1 2 , mMMgCl 2 (buffer A) and was tmmedia*,, added to 96-we.l ^ ' 

*" "* «» «"» «« «*bea once with buffer A and were 

incubated with 0.1 ml of 3.5% bovine seiura albumin in the same buffer for 1 hr at room 

In a PHJ-SK^107260competitio„ varioils concern^ „, 

[ HMKAF-,07260. ^Pla^w^incub^edfor.hratroom^mp.n.n.re. Following 

the wells were asptaaed completely and washed once wim 0.2 ml of ic. cold 
Wfer A m a well-to-well fashion, The receptors w« solubilized with 0.1 ml of 1* SDS 

(concentrate of the antagonist to inhibit 50% binding of ['HJ-SK&F-107260) was 

^curvo-fittrngrc^ which was modified fro mth e 
LUNDON-2 program. TheKtCdiss^iaitac^st^ofUKam^^w^catau-ed 
accordmg to Cher* and Prusoff equaion: Kj = IC50/ ( 1 4- L/Kj), where L and Kd were the 
concentratton and the dissociation constant of PHJ-SK&F- 107260, respectively. 

Inhibition ofRGD-medlated GPDb-ma binding 

Purification of GPHb-IHa 

Ten units of outdated, washed human platelets (obtained from Red Cross) wen: 
lyzed by gentle stirring in 3% octylglucoside, 20 mM Tris-HCI, pH 7.4. 140 mM Nad 2 
mMCaCl 2 at4«>CFor2h. The lysate was centrifuged at 100,000g for 1 h. The supernatant 
obtained was applied to a 5 mL lentil lectin sepharose 4B column (E. Y Labs) 
preequilibrated with 20 mM Tris-HCI, P H 7.4, 100 mM NaCl, 2 mM CaCl 2 1% 
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octylglucoside (buffer A). After 2 h incubation, the column was washed with 50 mL cold 
buffer A. The lectin-retained GPIIb-IIIa was eluted with buffer A containing 10% dextrose 
All procedures were performed at 4°C. The GPHb-UIa obtained was >95% pure as shown 
by SDS polyacrylamide gel electrophoresis. 

Incorporation of GPIIb-ma in Liposomes. 

A mixture of phosphatidylserine (70%) and phosphatidylcholine (30%) (Avanti 
Polar Lipids) were dried to the walls of a glass tube under a stream of nitrogen. Purified 
GPIIb-ma was diluted to a final concentration of 0.5 mg/mL and mixed with the 
phospholipids in a protein:phospholi P id ratio of 1:3 (w:w). The mixture was resuspended 
and sonicated in a bath sonicator for 5 min. The mixture was then dialyzed overnight using 
12.000-14,000 molecular weight cutoff dialysis tubing against a 1000-fold excess of 50 
mMTris-HCl, P H7.4, 100 mM NaCl, 2 mM CaC12 (with 2 changes). The GPHb-ma- 
contatmng liposomes wee centrifuged at 12.000g for 15 min and resuspended in the dialysis 
buffer at a final protein concentration of approximately 1 mg/mL. The liposomes were 
stored at -70C until needed. 

Competitive Binding to GPIIb-IIIa 

The binding to the fibrinogen receptor (GPIIb-IIIa) was assayed by an indirect 
competitive binding method using [3HJ-SK&F- 107260 as an RGD-type ligand The 
binding assay was performed in a 96-welI filtration plate assembly (MiUipore Corporation 
Bedford. MA) using 0.22 urn hydrophilic durapore membranes. The wells were precoated 
w,th 0.2 mL of 10 Mg/mL polylysine (Sigma Chemical Co., St. Louis. MO.) at room 
temperature for 1 h to block nonspecific binding. Various concentrations of unlabeled 
benzazepines were added to the wells in quadruplicate. [3h]-SK&F- 1 07260 was applied to 
each well at a final concentration of 45 nM. followed by the addition of I ug of the purified 
platelet GPHb-ffia-containing liposomes. The mixtures were incubated for 1 h at room 
temperature. The GPHb-ffla-bound [3HJ-SK&F- 107260 was seperated from the unbound 
by filtration using a Miliipore filtration manifold, followed by washing with ke-cold buffer 
(2 times, each 0.2 mL). Bound radioactivity remaining on the filters was counted in I 5 mL 
Ready Solve (Beckman Instruments. Fullerton. CA) in a Beckman U quid Scintillation 
Counter (Model LS6800), with 40% efficiency. Nonspecific binding was determined in the 
presence of 2 uM unlabeled SK&F-107260 and was consistently less than 0.14% of the 
total radioactivity added to the samples. All data points are the mean of quadruplicate 
determinations. 

Competition binding data were analyzed by a nonlinear least-squares curve fitting 
procedure. This method provides the IC50 of the antagonists (concentration of the 
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antagonist which inhibits specific binding of [3 H ]. S K&F-107260 by 50% at equilibrium) 
The IC50 ,s related to the equilibrium dissociation constant (Ki) f ,he antagonist based on 

S^ZZ^ CqUati0n: " = IC5 ° /(,+lyKd >' Where L * ^ concentration of [3H]- 
SK&F-107260 used in the competitive binding assay (4.5 nM). and Kd is the dissociation 

™ e ^c°">Poundsof w is^^ 
relative to the fibrinogen receptor of greater than 10:1. Most preferred compounds have a 
ratio of activity of greater than 100: 1. 

The efficacy of the compounds of formula (I) alone or in combination with an 
^.neoplastic agent may be determined using several transplantable mouse rumor models 
See U. S. Patent Nos. 5,004,758 and 5,633.016 for details of these models 

The examples which follow are intended in no way to limit the scope of this 
mvention. but are provided to illustrate how to make and use the compounds of this 
mvention. Many other embodiments will be readily apparent to those skilled in the art 



General 



Proton nuclear magnetic resonance (*H NMR) spectra were recorded at 300 MHz 
and chemical shifts are reported in parts per million (5) downfield from the internal ' 
standard tetramethylsilane (TMS). Abbreviations for NMR data are as follows: s = s i„ g , et 
d = doublet, t = tnplet, q = quartet, m = multiplet, dd = doublet of doublets, dt = doublet of 
tnplets. app = apparent, br = broad. J indicates me NMR coupling constant measured in 
Hertz. CDCI3 « deuteriochloroform, DMSO-dfi is hexadeuteriodimethylsulfoxide. and 
CD 3 OD ls tetradeuteriomethanol. Mass spectra were obtained using electrospray (ES) 
.omzation technique, Elemental analyses were performed by Quantitative Technologies 
Inc.. Whitehouse, NJ. Melting points were obtained on a Thomas-Hoover melting point 
apparatus and are uncorrected, All temperatures are reported in degrees Celsius. Analtech 
Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates were used for thin layer 
chromatography. Hash chromatography was carried out on E. Merck Keselgel 60 (230- 
400 mesh) silica gel. Analytical and preparative HPLC were carried out on Beckman 
chromatographs. ODS refers to an octadecylsilyl-derivatized silica gel chromatographic 
support. YMC ODS-AQ® is an ODS chromatographic support and is a registered 
trademark of YMC Co. Ltd., Kyoto, Japan. PRP-1® is a polymeric (styrene- 
dmnylbenzene) chromatographic support, and is a registered trademark of Hamilton Co 
Reno, Nevada. C-18 Mega Bond Elut® is a solid-phase extraction column that contains an 
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octadecyl-bonded silica sorbent, and is a registered trademark of Varian Associates 
Sunnyvale, California. Celite® is a filter aid composed of acid-washed diatomaceo'us 
silica, and is a registered trademark of Manville Corp., Denver, Colorado. 

Preparation 1 

Preparation of ?-ff2- am ino.l.e.thvnaminnlp vriHin„ dihvdrochlnriA. 

a) 2-[[2-(tert-Butoxycarbonyl)am^^ 

A mixture of N-Boc-ethylenediamine (5.83 g, 36.39 mmole), 2-chloropyridine-N- 
ox.de hydrochloride (7.25 g, g. 43.67 mmole), NaHCOa (15.29 g, 182 mmole), and tert- 
amyl alcohol (36 mL) was heated at reflux. After 47 hr. the dark brown mixture was 
cooled, diluted with CH 2 C1 2 (100 mL). and suction filtered. The filtrate was concentrated 
and the residue was reconcentrated from toluene. Silica gel chromatography (10% 
MeOH/CHzClj) gave the title compound (8.23 g, 89%) as a yellow solid: 1 H NMR (250 
MHz, CDCl 3 ) 8 8.16 (dd, J = 6.5, 1.3 Hz, 1 H), 7.05 - 7.30 (m. 2 H), 6.68 (br d, J = 8 6 Hz 
1 H). 6.50 - 6.65 (m, 1 H), 5.70 - 5.95 (m. 1 H), 3.25 - 3.60 (m. 4 H), 1.44 (s, 9 H); MS (ES) 
m/e254(M + H)+ ; 



b) 2-[[2-(tert-Butoxycarbonyl)aniino- l-ethyl]arninolpyridine 

A mixture of 2-[[2-( tert -bu^ycarbo ny l)an^o-l-ethyl]ammo]-l-oxopyridme (7 00 
g. 27.64 mmole). 10% Pd/C (5.88 g, 5.53 mmole). cyclohexene (28 mL, 276.4 mmole), and 
isopropanol (1 10 mL) was heated at reflux. After 17 hr, the reaction was filtered through 
ceute®, and the filtrate was concentrated. The yellow residue was reconcentrated from 
toluene, then was chromatography on sUica gel (5% MeOH/CHCl 3 ). The title compound 
(5.09 g, 78%) was obtained as a yellow oil: 1h NMR (400 MHz, CDC1 3 ) 5 8.05 - 8 12 (m, 
1 H), 7.37 - 7.46 (m, 1 H), 6.53 - 6.61 (m, 1 H). 6.41 (d, J = 8.3 Hz, 1 H). 5.12 (or s 1H) 
4.86 (br s, 1 H), 3.26 - 3.51 (m, 4 H), 1.44 (s, 9 H); MS (ES) m/e 238 (M + H)+. 

c) 2-[(2-Amino-l-ethyl)aminoJpyridine dihydrochloride 

4 N HCl/dioxane (54 mL) was added in a stream to a solution of 2-[[2-(tert- 
butoxycaroonyOamm^l-emyllaminoJpyridine (5.09 g, 21.45 mmole) in anhydrous 
CH 2 CI 2 (54 mL) at 0 °C under argon, then the mixture was warmed to RT. After2hr the 
mixture was cooled to 0 «C and suction filtered. The solid was washed extensively wtih 
anhydrous Et 2 0 and dried in high vacuum at 40 °C to afford the tide compound (4.27 g. 
95%) as an off-white, somewhat hygroscopic solid: ^H NMR (400 MHz. CD3OD) 5 7 99 - 
8.07 (m. 1 H). 7.92 - 7.98 (m. 1 H), 7. 19 (d. J = 9. 1 Hz, 1 H). 6.98 - 7.04 (m, 1 H), 3.76 (t. J 
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, = ™ 3 (t ' ' = 6 2 ^ 2 ° bSCUred by residuaI *>'™t signal); MS 

(ES)m/e 138(M + H)+. 

Preparation ? 

Preparation of ^rP-amino-Upmpynaminmp YriHin. Hihy^,,^^ 

a) ^[^-(tert-ButoxycarbonyOaniiiio-l-propylJaminol-l^xopyri^ 

According to the procedure of Preparation 1 (a), except substituting N-Boc- 
propylenediamine (3.33 g, 20 mmole) for the N-Boc-ethylenediamine, the tide compound 
(4.90 g, 92%) was prepared: MS (ES) m/e 268 (M + H)+. 

b) 2-[[3-(tert.ButoxycarbonyI)arninc-l-propyl]amino]pyriduie 

According to the procedure of Preparation 1 (b), except substituting 2-[ t 3-(tert- 

butoxycarbonyl )a r„inc-l-pro P yl]amino]-^xopyridine (4.90 g, 18.3 mmole) for the 2-f[2- 
<tert-butoxycarbony»^ ^ ^ ^ 

75%) was prepared: MS (ES) m/e 252 (M + H) + . 

c) 2-[(3-Ajmno-l-propyl)arnino]pyridine dihydrochloride 

According to the procedure of Preparation 1 (c). except substituting 2- t [3-(tert- 
butoxycarbonyOarmno-l-propylJan^olpyridine (3.46 g, 13.8 mmole) for the 2-[[2-(tert- 
butoxycarbonyOamino-l-emyUanjinoJpyridine, the tide compound (2.88 g, 93%) was 
prepared: MS (ES) m/e 152 (M + H)+. 



Preparatory ? 

Preparation of 2-rf4- a minn-i -butvnarmnr>i p Yr p 



ine 



a) 2-K4Ktert-Butoxycarbonyl)am^ 

According to the procedure of Preparation 1 (a), except subsdtuting N-Boc- 
butylenediamine (0.57 mL. 2.98 mmole) for the N-Boc^myleneduunine, the title 
compound (0.42 g, 50%) was prepared: MS (ES) m/e 282 (M + H)+. 

b) 2-[[4-(tert-Butoxycarbonyl)amino- t-butyl]arnino]pyridine 

According to the procedure of Preparation 1 (b). except substituting 2-[[4-(tert- 
butoxycarbonyOamino-l-butylla^inoJ-l-oxopyridme (0.88 g, 3.13 mmole) for the 2-[[2- 
(tert-butoxycarbo„y»^^^ the crude tide compound was 
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prepared. This material was used without purification, 
c) 2-[(4- Amino- l-butyl)amino]pyridine 

• Crude. 2-[t4-(te rt -butoxycarbon y l)amino-l-butyl]ami n o]pyridi„e (3.13 mmole) was 
.-edw Ith TPA(l 0mL)inC „ 2Cl2(1()mL) . AfterZhrmemix^.ale^Jr 

w«h CHa 3 (4 x 50 mL). The combined organic extracts were dried over MgS0 4 , filtered, 
and concentrated under reduced pressure to give the title compound (122 mg, 24%) as a 
yellow oil: MS (ES) m/e 166 (M + H)+. 

Preparafinn 4 

Preparation of 4-rN-(rm-huor,nnrbonvlV.M^ ,;^_, y j ]iminn]lm ,„„ 
a) 2-t(3-Hydroxy-l-butyl)amino]pvridine-N-oxide 

hvdrochf 7 4 " am,n " 1 ' bUtan01 (2 -° ^ 1X1 2-chloropyridine-N-oxide 
hyd«, c „onde (3.00 g, g. 1 8.0 mmole) , NaH C0 3 (7.56 g. 90.0 mmole), and tert-amyl 

**rtC» mDwas heated at reflux. After 24 hr, me mixture was cooled a,Ki filtered, then 
MeOH/CHa3) gave the title compound (2.08 g. 63%) as a yellow solid: MS (ES) m/e 183 
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b) 2-[N-(3-Hyd ro xy.l^ 

To a suspension of 2-[(3-hydroxy-l-butyl)amino]pvridine-NK,xide (895 mg 4 91 
mmole) in tert.butanol (5 mL) was added di-tert-butyl dicarbonate (1. 18 g, 5.40 mmole). 
After 30 hr the mixture was concentrated under reduced pressure. The residue was 
chromatographed on silica gel (10% MeOH/CHCl 3 ) to give the title compound (1 34 g 
97%) as a yellow solid: MS (ES) m/e 283 (M + H)+ 

c) ^[N-(tert-Butoxycarbony^^ 

To a solution of DMSO (0.31 mL. 3.54 mmole) in CH 2 C1 2 (5 mL) at -78 «C 
was added oxalyl chloride (0.13 mL, 1.77 mmole) dropwise. After 10 min a 
solution °f2-rN-(3-hyd^ 

mg - 177 ™*> * ch 2 ci 2 (5 mD ^ **** 30 ^ 

S3N (0.81 mL, 5.84 mmole) was added, and the mixture was wanned gradually to 

AftCr 20 the w as diluted with CH 2 C1 2 (20 mL) and washed 

sequentially with 10 mL each H 2 0. 10% HC1. H 2 0. and brine. The organic layer 
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was dried over MgS0 4 . filtered, and concentrated under reduced pressure to give the 
tide compound (455 mg. 92%) as a colorless oil. This was used without 
purification: MS (ES) m/e 281 (M + H)+. 



Preparation if 




a) (±)-N-(4-Ethoxycarbonyl-3.phenylbutanoyl) serine methyl ester 

To a solution of ethyl (±) 4^rboxy.3-phe„yIbutanoate (1.00 g, 4.23 mmole) in dry 
D^(20ni) was aAiedHOBt (686 mg, 5.08 mmoleXE^N (1.77 mL, 12.69 mmo .e) and 
EDC (974 mg, 5.08 mmole). After 30 min. L-serine methyl ester hydrochloride (790 mg 
5X>8 mmole) was added. After 48 hr, the mixture was concentrated under reduced pressure 
The residue was taken up in CH 2 C1 2 (50 mL) and washed sequentially with 20 mL each ' 
H 2 0, saturated NaHC0 3 , and H 2 0. The organic layer was dried over MgS0 4 , filtered, and 
concentrated under reduced pressure. The residue was chromatography on silica gel 
(EtOAc) to give the tide compound (961 mg, 67%) as a yellow oil: MS (ES) m/e 338 (M + 
H) + . 



b) Ethyl (±)^(4- m ethoxycarbonyI-l,3^xa Z olin-2-yI)-3-phenylbutanoate 

A solution of (±)-N-(4-ethoxycarbonyl-3- P henylbutanoyl) serine methyl ester (723 
mg, 2.14 mmole) and Burgess reagent (613 mg, 2.57 mmole) in dry THF (10 mL) was 
heated at reflux under N 2 . After 2 hr, the mixture was cooled to RT and concentrated under 
reduced pressure. The residue was chrornatographed on silica gel (50% EtOAc/hexanes) to 
give the utle compound (420 mg, 61 %) as a colorless oil: MS (ES) m/e 320 (M + H)+. 

c) Ethyl (±H-(4-methoxycarbonyl-U-oxazol-2-yl)-3-phenylbutanoate 

To a suspension of CuBr 2 (1. 17 g, 5.26 mmole) in degassed (3 x vacuum/Ntf 
CH 2 CI 2 (6 mL) was added hexamethylenetetramine (737 mg, 5.26 mmole) then DBU (0 78 
mL, 5.26 mmole). After 5 min, a solution of ethyl (±)-4.(4-methoxycarbonyH3-oxazoIin- 
2-yl)-3-phenylbutanoate (420 mg, 1.32 mmole) in CH 2 C1 2 (2 mL) was added dropwise. 
After 6 hr. the mixture was filtered through a pad of silica gel (EtOAc) and the filtrate was 
concentrated under reduced pressure. The residue was chromatographed on silica gel (50% 
EtOAc/hexanes) to give the title compound (267 mg, 64%) as a white solid: MS (ES) m/e 
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d) Ethyl (±)-4K4<arboxy-l,3-oxazol-2-yl)-3-phenyIbutanoate 

A solution of ethyl (^(^methoxycarbonyl-U-oxazoi^-yl^-phenylbutanoate 
(267 mg. 0.84 mmo le) and Lil (338 mg. 2.52 mmole) in pyridine (5 mL) was heated to 
reflux. After 18 hr. the mixture was cooled to RT, poured into 10% HC1 (150 mL). then 
extracted with CH 2 C1 2 (3 x 50 mL). The combined organic extracts were dried over 
MgS0 4 , filtered, and concentrated to give the title compound (205 mg, 80%) as a white 
solid: MS(ES)m/e304(M + H)+. 



Prepararinn ft 



Preparation of r?^^^^^ !^ ,,,^,^ ,^, ,_, Tirn| 1 
YUmethvItriohenvlphncph onium^ n,;^ 

a) Ethyl (±)-4-(4-hydr 0 xymethyl-U-oxazol-2-yl)-3- P hen y lbutanoa«e 

To a solution of ethyl (l^carboxy-^^xazoW-yl^phenylbutanoate (500 
mg. 1.65 mmole) in dry THF (8 mL) was added 4-methylmorpholine (0.22 mL 1 99 
nimole) then ethyl chloroformate (0.19 mL, 1.99 mmole) at 0 «C. After 10 min, NaBHk 
(249 mg, 6.59 mmole) was added all at once, then MeOH (8 mL) was added dropwise 
After 30 nun, the mixture was quenched with H 2 0 (20 mL) and extracted with EtOAc (3 x 
20 mL). The combined organic extracts were dried over MgS0 4 . filtered, and concentrated 
under reduced pressure. The residue was chromatographed on silica gel (80% 

10 ^ ^ COmPOU " d (3?l "* ?8%) " 3 ye " OW MS (ES> "* 

b) Ethyl (±)-4-(4-bromomethyM,3-oxazol.2-yl).3-phenyIbwanoate 

Toa ^°nofemyl(±)^^^ 

•3 g, 4.49 mmole) in dry THF (20 mL) was added PPh 3 (1.41 g. 5.39 mmole) then CBr 4 
(1.79 g. 5.39 mmole) at 0 »C. After 20 min, the mixture was warmed to RT. After 2 hr the 
mixture was concentrated under reduced pressure. The residue was chromatographed on 
siHca gel (20% EtOAc/hexanes) to give the title compound (1.38 g, 87%) as a colorless oi.: 
MS (ES) m/e 352 (M + H)+ 

c) [2K3-emoxycarb<^^ 
bromide 

A solution of ethyl (D-^^bromomethyl-l.S-oxazoI-Z-yD-S- 
phenylbutanoate (1.0 g, 2.84 mmole) and PPh 3 (745 mg. 2.84 mmole) in dry 
CH 3 CN (10 mL) was heated at reflux under N 2 . After 3 hr. the mixture was cooled 
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to RT and concentrated under reduced pressure. The residue was triturated with 
Et 2 0 (10 mL) to giv e the tide compound (1.66 g, 95%) as a white powder MS fEH 
m/e 535 (M + H)+ 



Example 1 



Preparation of f^3^h^l^fd. f r r3 ^ ?vritl | ff . ? . Y l)MttMW , 
P.ropvl1ami n olcarbonvll.t ^nr a zo i. 2 . v m^ nn i, 

a) E *yU±)-3-phenyl^[4-[[^^ 3 . 
oxazol-2-yl]butanoate 

To a solution of ethyl (±m4-carboxy-l>oxazol-2-yl)0-phenylbutanoate (100 
mg, 0.33 mmole) in CH 2 a 2 (2 mL) was added l.l'-caroonyldiimidazole (80 mg 0 49 
mmole). After 2 hr, Et 3 N (0.14 mL. 0.98 mmole) and 2-[(3-amino-l. 

pmpyl)amm O jpyriainedihydrochloride(110mg,0.49nimole)we re ad^ After4h the 
muture was concentrated under reduced pressure. The residue was chmrnatographed on 
silica gel (75% EtOAc/hexanes) to give the title compound (131 mg, 91%) as a yellow oil- 
MS(ES)m/e437(M + H)+ 



20 



25 



30 



b) (±Km,enyl^[4-^ 
yl]butanoic acid 

To a solution of ethyl (±>3-phenyl-4-[4-[[[3-(pyridin-2-yl)amino.l- 
prop y l]amino]carbonylM3-oxazol-2- y l]butanoate (131 mg, 0.30 mmole) in 1:1 THF/H.O 
(10 mL) was added IN LiOH (0.36 mL. 0.36 mmole). After 18 hr, the mixture was 
concentrated under reduced pressure. The residue was dissolved in 20 mL H 2 0 then 
acidified to pH 6 using 10% HCL The resulting cloudy solution was extracted with 
CH 2 C1 2 (3 x 75 mL). The organic extracts were dried over MgS0 4 , filtered, and 
concentrated under reduced pressure. The residue was triturated with Et 2 0 to give the tide 
compound as a white solid (63 mg, 51%) which was collected by filtration. MS (ES) m/e 
409(M + H)+ Anal. Calcd for C^H^N^. 0.75 H 2 0, 1.5 HQ: C. 55.44; H, 5.71; N, 
11.75. Found: C. 55.49; H, 5.54; N, 11.63. 
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Example 2 

1.3-OXazol-2-vnbuf a nnir arid mL 

Acc °^S<othe P rocedu^^ 
ethyl)aim„o]p y ridi„e dihydrochloride (129 mg, 0.74 mmole) for the 2-[(3-amino-l- 

L7"' ) rr ,Pyridine dihydr0Chl ° ride ' "» ** C -P— (157 mg, 76%) was prepared- 
MS(ES)m/e423(M-i-H)+. P 

^Whenyl^^^ 
yljbutanoic acid 

To a solution of ethyKl^-phenyl^^^pyridin^-yOanuno- 1- 
eth y l]a m ino]carbonyI].l,3-oxazol-2- y llbutanoate (157 mg, 0.37 mmole) in 1: 1 THF/H?0 
(4mL)wa S addedl.0NLiOH(0.56mL,0.56m mO le). After 24 hr, the mixture was 
^*H*>a,2«U and thepH of the aqueous layer was adjusted to 6 using 10% 
Ha The soluuon was chromatographed on a C-18 Mega Bond But® column (50 mL 
H 2 Othe„50mL 10% CH 3 CN/H 2 0). Fractions containing the product were pooled and 
yophAzed to give the title compound (48 mg , 33%) as a white powder MS (ES) m/e 395 

^fo u Anal Ca,Cdf ° rC2lH22N4O4 0 - 75HC,: C ' 5 ^H.5.44;N. 13.28. Found: 
C. 59.89; H, 5.50; N, 12.98. 



Example 3 



Preparation of CtWUp hPnYl-^-rj. 
1.3-oxa7nl-2-vl]hntanm>. ^ 



a) Ethyl (±>3- P henyI-4-r4- [t[ 4-( Py ^^ 
2-yl]butanoate 

According to the procedure of Example 1 (a), except substituting 2-t(4-amino-l- 
butyljaminojpyndine (122 mg. 0.74 mmole) for the 2-[(3-amino.l-p ro pyl)arnmo] P ynaine 
dihydrochloride, the tide compound (197 mg, 89%) was prepared: MS (ES) m/e 451 (M + 
™) • 
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b) (±)0-Phe„yl-4- ( 4- H[ 4-(p^^^ 
yljbutanoic acid 

To a solution of ethyl (il-S-phcnyl^tff^pyridi,,-^!)!™™.,. 

5 (4mL was^d,.o N UOH(0.« 6mL ,o. 66ramo ,., JZ 

HQ Tte soteon was ctoma^phed on a C-18 Meg. Bond But® colu™, (50 ml. 
HjO i tto 50 mL 20% CH3CN/H2O). Potions conuuning u* ^ |e(j 
^ophtoa^givethotitie^p^aaM^^,,^^ 

Example 4 

15 P ^ionofr + )-Vp hPnv ,.., M r 5 r P vndin- ? ..v l w^. 1 _ r ^ rM n „ , . 

Vllbutanoic ariH ■ — 

a) Ethyl (^henyl-^^ 
pentyl]-l,3-oxazol-2-yl]butanoate 
3 To a solution of ^Wl***^^ ^ 

mg, 0.5 rnmole) in dry DMF (5 mL) was added [2-(3-ethox y carbon y l-2-phenylpr 0 pyl)-l 3- 
oxazol-4- y l ]m eth y ltriphenylphos P honium bromide (369 mg, 0.6 rnmole) then KHMDS (1 2 
mL. 0.6 rnmole) dropwise at 0 °C. After 3.5 hr, the mixture was diluted with H 2 0 (20 mL) 
and extracted with CH 2 C1 2 (3 x 20 mL). The combined organic extracts were dried over 
MgS0 4 , filtered, and concentrated under reduced pressure. The residue was 
chromatographed on silica gel (3% MeOH in 1:1 EtOAc/CHCl 3 ) to give the tide compound 
(167 mg, 62%, mixture of E/Z isomers) as a yellow oU: MS (ES) m/e 536 (M + H)+. 

b) Ethyl (±>-3-phenyl-4-^^ 

fW^-ph'nyl^^ 
l-pentylM,3-oxazoI-2-yl]butanoate (167 mg, 0.31 rnmole) was dissolved in 4 N HCI in 
d,oxane (3 mL). After 1.5 hr, the mixture was concentrated under reduced pressure The 
res.due was dissolved in saturated NaHC0 3 (20 mL) and extracted with CH 2 C1 2 (2 x 20 
mL). The combined organic extracts were dried over MgS0 4 , filtered, and concentrated. 

The above residue was combined with 10% Pd/C (33 mg) and cyclohexene (0 63 
mL, 62 rnmole) in isopropanol (5 mL). and the mixture was heated at reflux under N 2 
After 18 hr, the mixture was cooled to RT and filtered through a pad of celite®, then the 
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filn. was eonceruraed u „der reduced presure. n, residue was OT 

. .ca^SSMeOHu, ^ E.OACCHa 3)1 o 8i v„ he til ,e compound <75 m6 . 57%fr<)m 
a) as a white sohd: MS (ES) m/e 422 (M + H)+. 

To a solution of ethyl (±)O-phenyl^ [ 4-[5-(pyridi„-2-yl)an,in 0 -l.pe„tyl]-l 3- 
ox^2-yt]bu^oate (75 mg , 0. 18 mmo , c ) in i: 1 THF/H 2 0 (2 mL) was added 1.0 N 
L.OH (0.27 mL. 0.27 nunole). After 18 hr. the pH was adjusted to 6 using 10% HQ, then 
the solution was concentrated under reduced pressure to remove the THF. Tne solution was 
chrornatographed on a C- 18 Mega Bond Elut® column (50 mL H 2 0 then 200 mL 20% 
CH 3 CN/H 2 0 containing 0. 1 % TFA). Fractions containing the product wen, pooled and 
yophU^d to give the title compound (43 mg, 61 %) as a yellow gum: MS (ES) m/e 394 

t + H r T Ca,CdfOrC 23 H 27N3O 3 . 0.098CF3CO 2 H: C, 68.85; H, 6.75; N. ,038 
Found: C, 69.23; H, 7.00; N, 9.98. 



Example 5 

Parenteral Dosage TTni^ rv rr ~; tirn 

Apreparation which contains 20mgof the compound of Example 1 as a sterile dry 
powder, prepared as follows: 20 mg of the compound is dissolved in 15 mL of distilled 
water. The solution is filtered under sterile conditions into a 25 mL multi-dose ampoule 
™^^e powder is -o„stimte4b y addiUonof20rnLof5%dexm> S ein water 
(D5W) for intravenous or intramuscular injection. The dosage is thereby determined by the 
injection volume. Subsequent dilution may be made by addition of a metered volume of 
thts dosage unit to another volume of D5W for injection, or a metered dose may be added 

to^othermechanismfordispensingthedrug.asinabotaeorbagforlV^ 
other injection-infusion system. 
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Exam ple f> 

Oral Dosag e Unit rnmp nciH» n 



A capsule for oral administration is prepared by mixing and milling 50 mg of the 
compound of Example 1 with 75 mg of lactose and 5 mg of magnesium stearate THe 
resulting powder is screened and filled into a hard gelatin capsule. 



Example 7 

Oral Dosage Unit r^p™;^ 



15 



20 



A tablet for oral administration is prepared by mixing and granulating 20 mg of 
sucrose. 150 mgof calcium sulfate dihydrate and 50 mg of the compound of Example 1 
w,th a 10% gelatin solution. The wet granules are screened, dried, mixed with 10 mg 
starch. 5 mg talc and 3 mg stearic acid; and compressed into a tablet. 

The above description fully discloses how to make and use the present invention 
However, the present invention is not limited to the particular embodiments described 
he rci nabove. but includes all modifications thereof within the scope of the following 
dm. Ibe various references to journals, patents and other publications which are cited 
herem comprises the state of the art and are incorporated herein by reference as though 
fully set forth. 
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What is claimed is: 

1 • A compound according to formula (I): 




(I) 

wherein: 

YisCRH'orNRTC(0); 

R 1 is -Co. 6 alkyl-Het-, -q^alkyl-Ar, H, -C^alkyl. -CN or -S(0) k R8- 

10 R2j s * 



G 

R^N 

1 

<?>u (PL 



r" n Y N V (CR ' 2)v ~ w ~ q'* n y nr ""~ cr, - w — 




^ N y NR"- cr- 2 - W ^N^N^^( C Ry v — w 

or 

* 

W is -(CHRg)a-U-(CHRg)b-; 

U is absent or CO. CRS* C(=CR%), S(0) k , O, NRg, CR80R8, CR^OR**^ 
20 CR^CRgCORk). QQKWj, CR^QO), CONR', NR'CO, OC(0), C(0)0, C(S)0, OC(S) 
C(S)NR8. NRgC(S), S^NRg, NR8S(0)2 N=N, NRSNR8, NRgCRg,, CRg,NRg CR8,0 
OCR« 2 , C =C , CRS=CRg, Ar or Het; ' 

GisNRe, SorO; 

R8 is H. C,. 6 alkyl. Het-Co^alkyl, C3.7cycloalkyl-C 0 . 6 alkyl or Ar-C^ky!; 
25 Rk is Rg> -c (0 )Rg t 0 r -C(Q)ORf; 
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R' is is H, C^alkyl, Het-Co. 6 aikyl. C 3 _ 7 cycloalkyl-Co. 6 alkyl, Ar- C^alkyl, or 

C,. 6 alkyl substituted by one to three groups chosen from halogen, CN NRg, OR8 SR8 
C0 2 Rg.andCON(Rg) 2 ; 

R f is H, Cj^alkyl or Ar-C^ky!; 

R e is H. CLfialkyl, Ar-C^galkyi, Het-C^kyl. C 3 -7cycloalkyl.Cb. 6 alkyl, or 
(CH2) k C0 2 Rg; ^ 7 

Rb and R c are independently selected from H. C,_ 6 alky[, Ar-Co. 6 alkyl, Het-Co. 
6 alkyl. or C 3 ^cycloalkyl-Co. 6 alkyl, halogen, CF 3 . OR* S(0) k Rf CORf, N0 2 N(R^2 
CO<m% CH 2 N(Rf) 2( or R* and Rc are joined together to form a five or six membered 
aromatic or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
three substituents chosen from halogen, CF 3 . C^alkyl, OR f , S^Rf CORf CC^Rf OH 
N02. N(Rf) 2> CO(NRf) 2 , and CHjNCR^; or methylenedioxy; 

Q^Q^Q^dQ^tnde^ndentlyNorC-Ry.providedthatnomorethanoneof 
Q^OZ.QpandQ^isN; 

R* is H, C 1 . 6 alkyl, Ar-Co. 6 aIkyl or C3^cycloalkyl-Co. 6 alkyl; 
R-isR'.-C^R'or-C^OR'; 
Ry is H, halo, -ORE. -SRg, -CN, -NRgRk -N0 2 , -CF 3 , CF 3 S(0) r , -C0 2 R*, -CORg 
or -CONRg* or C^ky! optionally substituted by halo. -ORg, -SRg, -CN, -NR8R", -NO, 
-CF 3 , RS(0) r% -C0 2 Rg, -CORg or -CONRg2; 
20 aisO, lor2; 

bis 0, lor 2; 
k is 0, lor 2; 
risO, lor2; 
sisO, 1 or 2; 
25 uis0orl;and 
visOorl; 

or a pharmaceutically acceptable salt thereof. 



15 



30 



2. A compound according to claim 1 in which R 2 is 
(?>„ 



Q 1 * N NR"— CR' Z — w 

.wherein Q 1 , Q 2 , and Q3 are each CRY, Q* , s 

CRyorNanduisO. 
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3. 



A compound according to claim 2 in which each R' i s H. R"is H 



Ci^alkyl, W is -(CH 2)M ., q4 is CRy ^ Ry js R 



or 



A compound according to claim 1 in which R2 is 
(P)„ 



0. 



4. 



R '\ 

V 3 

.wherein Ql, Q2, and Q3 are each CH and u is 



5- A compound according to claim 4 in which each R* is H, R" is H or 
10 C^fialkyl, v is 0 and W is -(CH2)i-4-. 



15 H. 



6. A compound according to claim 1 in which R2 i s 
J| >-NR"— CR' 8 — W 

, wherein G is NH and R»> and Rc are each 

7. A compound according to claim 6 in which W is -(CH2)i-4-. 

8. A compound according to claim 1 in which R2 is 

Jf >-NR"— CR' z — w 

, wherein G is NH and R b and R c are 
joined together to form a five or six membered aromatic or non-aromatic carbocyclic or 
heterocychc nng, optionally substituted by up to three substituents chosen from halogen 

CT 3.C 1 .4alkyI.0RfS(0) k RfC0RfC0 2 Rf0H,N0 2 ,N(R<) 2 ,C0^ 
25 CH 2 N(Rt) 2 ; or methylenedioxy. 

9. A compound according to claim 8 in which Rb and Rc are joined together 
to form a stx membered aromatic carbocyclic ring. 



20 
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10. 



A compound according to claim 9 in which W is (CH2)i-4- 



11. A compound according to claim 8 in which Rb and R* are joined together 
to form a six membered aromatic heterocyclic ring. 

1 2. A compound according to claim 1 1 in which W is -(CH2) M-. 

13. A compound according to claim 1 in which R 2 is 
{ N Y NR "~~ CR 2 ~~ W 

. wherein each R' is H, R" is H or Chalky! 

R8 is H or C^Ikyl and s is 0, 1 or 2. 

14. A compound according to claim 13 in which W is -(CH2)i-4-. 

15. A compound according to claim 1 in which R 1 is phenyl, benzyl, pyridyl, 
imidazolyl, oxazolyl or thiazolyl. 

1 6. A compound according to claim 15 in which Rl is phenyl. 

17. A compound according to claim 1 in which Y is NHC(0). 

18. A compound according to claim 1 which is: 

(±)0-ptenyl^[4-r[[3-(pyrioUn-2orl)a^^ 
2-y!]butanoic acid; 

(±)-3-phenyl^r^ 
yl]butanoic acid; 

(±)-^phenyl-4-[4-[[[4-^^ 
yljbutanoic acid; or 

(±)0-phenyl^[4-[5^pyridm-2-yl)a™n^ 
oraphannaceutically acceptable salt thereof. 

19. A pharmaceutical composition which comprises a compound according to 
claim 1 and a pharmaceutical^ acceptable carrier. 
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20. A pharmaceutical composition which comprises a compound according to 
claim I, an antineoplastic agent and a pharmaceutically acceptable carrier. 

21 . The pharmaceutical composition according to claim 20 wherein the 
5 antineoplastic agent is topotecan. " 

22. The pharmaceutical composition according to claim 20 wherein the 
antineoplastic agent is cisplatin. 

10 °' A pharmaceutical composition which comprises a compound according to 

claim 1, an inhibitor of bone resorption and a pharmaceutically acceptable carrier. 

24. A method of treating a disease state in which antagonism of the 0^3 
receptor is indicated which comprises administering to a subject in need thereof a 

15 compound according to claim 1 . 

25. A method of treating a disease state in which antagonism of the 0^65 
receptor is indicated which comprises administering to a subject in need thereof a 
compound according to claim 1. 

20 

26. A method of treating osteoporosis which comprises administering to a 
subject in need thereof a compound according to claim 1. 

27. A method for inhibiting angiogenesis which comprises administering to a 
25 subject in need thereof a compound according to claim 1. 

28. A method for inhibiting tumor growth or tumor metastasis which comprises 
administering to a subject in need thereof a compound according to claim 1. 

30 29. A method of treating atherosclerosis or restenosis which comprises 

administering to a subject in need thereof a compound according to claim 1. 

30. A method of treating inflammation which comprises administering to a 
subject in need thereof a compound according to claim 1. 

35 



-44- 



WO 00/07544 



PCT/US99/17665 



31. A method of inhibiting tumor growth which comprises administer^ 
stepwise or in physical combination a compound according to claim 1 and an antineoplastic 



agent. 



32. The method according to claim 31 wherein the antineoplasti 
topotecan. 



ic agent is 



10 



15 



33. The method according to claim 3 1 wherein the antineoplastic agent is 
cisplatin. 



34. A method of treating osteoporosis or inhibiting bone loss which comprises 
administering stepwise or in physical combination a compound according to claim I and an 
inhibitor of bone resorption. 

35. A compound according to formula (II): 



R ? y- 



wherein: 

20 YisCRH'orNRtTtO); 

R 1 is -Cf^alkyl-Het-, -C^alkyl-Ar, H, -C^alkyl, -CN or -S^Rg; 
R^is 



R^N 
25 

<?>« (9), 
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^ N <y NR'- CR^ - W N (CR' 2 ) V — W 

or 

Wis-(CHRg) a -U-(CHRg)b-; 

U is absent or CO, CRS 2 . C(=CR g2 ), S (0) k , 0, NR8, CR80R8, CRg(ORk)CRg, 
5 CR W , QOjCRg,. CRW, CONRi NRCO. OC(0), C(0)0, C(S)0. OCtf) 
C(S)NR8. NR8C(S), S(0) 2 NRg, NRg S (0) 2 N=N, NRSNRg, NRg C Rg 2 , CRg-NRg CRg , 0 
OCR8 2 , CsC,CRg=CRg,ArorHet; * ^ ' 

GisNR e ,SorO; 

Rg is H, d^alkyl. Het-C^kyl, Cs-vcycloalkyl-C^alkyl or Ar-Co.6alkyl- 
10 R k isRg,-C(0)Rg,or-C(0)ORf; 

* is is H. C^alkyl, Het-C^alkyl, Ca-Tcycloalkyl^o^alkyi, Ar- Ccgalkyi, or 
C^alkyl substituted by one to three groups chosen from halogen, CN. NR8,, ORg SRg 
C0 2 Rg,andCON(Rg) 2 ; 1 ' ' 

R f is H, C,. 6 alkyl or Ar-C^alkyl; 

R e is H. C,. 6 alkyl. Ar-C^ky!, Het-Co^alkyl, C 3 -7cycloalkyl-<^alkyl. or 

(CH^jrCC^RS; 

R b and Rc are independently selected from H, ^gallcyl, Ar-C^alkyl, Het-Cc 
fialkyl, or Cs^cycloalkyl-Co^alkyl halogen, CF 3 , OB* S(0) k Rf, COR*. NO, N(R*), 
COm% CH 2 N(Rf) 2 . or Rb and R= are joined together to form a five or six membered 
aromadc or non-aromatic carbocyclic or heterocyclic ring, optionally substituted by up to 
three substttuents chosen from halogen, CF 3 , C M alkyl, OR* S^Rf, CORf, COoRf OH 
NO* N(Rf) 2f CO(NRf) 2 , and CH 2 N(Rf) 2 ; or methylenedioxy; 

Q^-Q^Q^areindepencientlyNor^ 
Q^O^.Q^andQ^isN; 

R' is H. Cufialkyl, Ar-Co. 6 alkyl or Q.ficycloalkyt-Co.ealkyl; 
R" is R\ -C(0)R' or -C(0)OR'; 
Ry is H, halo, -ORg, -SR8, -CN, -NRgRk -NO,, -CF 3 , CF 3 S(0) r -, -C0 2 R8, -COR* 
or -CONR82, or ^.^allcyl optionally substituted by halo, -OR8, -SR8, -CN, -NR8R" -NO, 
-CF 3 ,R5(0) r -,-C0 2 Rg.-CORgor-CONRg 2 ; ' ' 

30 aisO, lor2; 

bisO, lor 2; 
kisO, lor2; 
risO, 1 or 2; 
sisO, 1 or 2; 
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uisOorl;and 
visOor I; 

or a pharmaceutically acceptabl salt thereof. 

5 36. AprocMsforpreparingacompoundofthefonnula^asdefinedincl^ 

1 . wh»ch process comprises reacting a compound of formula (ffl) with a compound of 
formula (IV): r 




10 RZm 2 

(IV) 

WhCrem Rl 3ndR2areaS defi ««» » f^ula (I), with any reactive functional 

groups protected; 

and thereafter removing any protecting groups, and optionally forming a 
15 pharmaceutically acceptable salt. 



37. A compound according to any one of claims 1 to 18 for use as a 
medicament 



20 



38. Theuseof acompoundof the formula (D as defined in claim 1 inthe 
manufacture of a medicament for the treatment of diseases in which antagonism of the 
0^03 receptor is indicated. 

39. The use of a compound of the formula (D as defined in claim 1 in the 
25 manufacture of a medicament for the treatment of diseases in which antagonism of the 

OyBs receptor is indicated. 



30 
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40. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of osteoporosis. 

41. The use of a compound of the formula (I) as defined in claim I in the 
manufacture of a medicament for the inhibition of angiogenesis. 

42. 1Tieuseofacompoundofthefonnula(I)asdefinedinclaim 1 inthe 
manufacture of a medicament for the inhibition of tumor growth or tumor metastasis. 
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43. The use of a compound of the formula (I) as defined in claim 1 in the 
manufacture of a medicament for the treatment of atherosclerosis or restenosis. 

5 44. The use of a compound of the formula (I)as defined in claim 1 in the 

manufacture of a medicament for the treatment of inflammation. 



i an 



45. The use of a compound of the formula (I) as defined in claim 1 and i 
antineoplastic agent in the manufacture of a medicament for the inhibition of tumor growth 

10 >n physical combination or for stepwise administration. 

46. The use according to claim 45 wherein the antineoplastic agent is 
topotecan. 



15 47. 



The use according to claim 45 wherein the antineoplastic agent is cisplatin. 



20 



48. The use of a compound of the formula (I) as defined in claim 1 and 
inhibitor of bone resorption in the manufacture of a medicament for the treatment of 
osteoporosis in physical combination or for stepwise administration. 



an 
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